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Courst Otscnptton 

This course «vas designed to provide the fundamentals of photography for apprentice (semi-skilled) stUi photographers. A list of duties performed by 
apprentice photographers follows: 

• PrepareHor still photographic assignments * 

• Accomplishes still photography 

• Operates stilt photographic cameras and laboratory equipment 

• Processes film * 

• Accomplishes photographic reproduction % 

• Mixes and controls chemistry 

• Produces prints 

This course consists of four volumes organized around criterion objectives with accompanying volume review exercises keyed to the objectives. Some 
chapters were deleted because they referred to specific military procedures or organization. 

Volume 1 - Genera/ Subjects contains two chapters discussing photographic safety and environmental protection. Five additional 
chapters were deleted because they deal with military organization and forms. 

Voiume 2 - Stilt Photographic Fundamentals contains six chapters on sensitized black and white film materials, photographic exposure, 
still motion picture cameras, photographic optics, available and supplemental light, and photographic filters. 



Volume 3 - 



Voiume 4 



Processing and Printing of Black-and-white Materials contains seven chapters covering conventional chemistry for black and- 
white photographs, black-and-white film processing, film finishing, black-and-white sensitized pnnt material, emulsion printing, 
and print material processing; and print finishing techniques. 

Photographic Application contains six chapters covering the principles of photographic composition, reproduction photography, 
photographic assignments, operating photographic laboratory equipment, color photography, and photographic quality control.* 



Each chapter contains criterion objectives, readings, and criterion test items. The volume review exercises have no answers, but the questions are keyed 
10 tr-e objective numbers tor student self-study and review. This course would best be used in a laboratory or on-the-job learning situation. It provides 
the fundamentals of still photography, but doe^not include practice activities. 
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Preface 



THE FIRST VOLUME of CDC 23132. Apprentue Still Photographic Specialist, is 
designed to help qualify vou for the dune* and responsibilities^ an Air Force 
apprentice photographic specialist Volume I contains- information on career 
progression, security, photographic safety, technical publications, supply 
responsibilities and training, photographic laboratories administration, and 
environmental protection 

In Chapter I. vou learn about progressing in the Audiovisual Career. Field and your 
duties and responsibilities. 

Chapter 2 is demoted to communications security (transmission security). In this 
chapier >ou are shown the \anous tvpes of secunty classifications, ho* to deal with 
certain tvpes of security situations, and how to correct them We will also cover voice 
communications and the methods and mannerj/ which classified information is 
transmitted. 

Chapter 3 discusses photographic safety. This chapter covers electrical hazards, 
chemical safety, and compressed .gases. It is extremely important Jo yoU since it 
concerns your physical well-being. 

Chapter 4 deals w ith technical ordsr publications It cov ers uses of indexes, technical 
manuals, and methods of researching commercial publications. 

Chapter 5. Supply Responsibilities and Training, points out problems concerning 
the control of equipment^and the training of airmen f his chapter gi\cs >ou a better 
understanding of some ol Vie problems vour supervisor has to cope with. 

Chapter 6 is concerned w^lh photographic laboratories administration and covers 
copyright and reproduction restrictions, use of forms, planning of missions, and the 
filing and lettering of negatives 

Chapter 7 concerns the current problem of environmental protection and the 
attitude of the Air Force to this problem. Silver recovery methods which save a vital 
national resource are also discussed. 

If you have questions on the accuracy or currency of the subject matter of this text, 
or recommendations for its improvement, scnd'them to Tech Tng Cen TTOC Lowry 
AFB CO 80230. NOTE; Do not use the suggestion program to submit corrections for 
typographical or other -errors, 1 

If you' have questions on course enrollment or administration, or on any of ECl's 
instructional aids (Your Key to Career Development. Behavioral Objective Exercises, 
Volume Review Exercise, and Course Examination), consult your education officer, 
training officer, or NCO. as appropriate If he can't answer your questions, send them 
to EC1, Gunter AFS AL 36118. preferably on ECI Form 17 t Student Request for 
Assistance. v 

This volume is valued at 9 hours (3 points). 

Material in this volume is technically accurate, adequate, |gd current as of May 
1975. 

* in 
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f> J JUnA. of this publication has (have) been deleted in 
adapting this material for inclusion in the "Trial Implementation of a 
Model Svstem to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education." Deleted material involves extensive use of 
militarv forms, procedures, systems, etc. aad^as not considered appropriat 
for use in vocational and technical education. 



CHAPTER 3 



Photographic Safety 

* 



ACCIDENTS DO NOT, happen without cause. 
Accident records show that of all accidents. 88 
percent are caused by unsafe acts of people. 10 
percent b> unsafe conditions that people allow to 
exist, and only 2 percent by natural disasters The 
identification, isolation, and control of these causes 
torm the backbone of accident prevention 
programs 

Certain phases of photographic work ha\e a 
potential tor producing accidents. Some of the work 
is performed in total darkness or under extrernely 
low levels of illumination. Man> photographic 
processes require the use of chemicals that, if used 
improperly, can cause serious injuries. However, if 
you are aware of the potential danger, and if you 
exercise the safety precautions covered in this text, 
the chances ot your being invoked m an accident 
are extremely limited 

You should begin to develop good safety habits 
now Accidents result in pain and suffering, needless 
waste of manpower and materials, and could result 
in failure to cam out the assigned mission of the 
unit. For this reason, safetv is stressed throughout 
your training. Protect yourself from possible 
accidents by pay ing close attention to the prescribed 
safetv policies ^nd procedures. To do the job right. 
>ou rrwist do it safely 

The following text information covering 
electrical, chemical, compressed gas. and 
mechanical safety is meant to help you deal with 
some of the more common safetv problems you may 
encounter 



3-1. Electrical Hazards 

In a stili photographic facility, you are 
continuously working with electrical equipment. 
Although adequate training in equipment operation 
and proper instruction in safety requirements can 



help to reduce accidents caused bv electricity, there 
is still the possibility of» human error— that 
incalculable "something" that makes ground safety 
programs necessary. Often airmen are so 
thoroughly familiar with their assigned tasks that 
they become negligent and their negligence results 
in preventable accidents. 



008. Specify the actions that should be taken to 
reduce electrical hazards. 

Many items ol equipment used in a photographic 
facility are electrically powered. To reduce the 
possibility of electrical shock, burns, and equipment 
damage when using this equipment, special safety 
precautions should be taken. For safe operation, 
you should check power cords for worn or frayed 
insulation, loose connections, and broken parts. 
Vou should regularly check electrical equimerft to 
insure that it is properly grounded. Be sure that all 
power cords have polarized, three-prong plugs 
attached. You can reduce the chances of being 
shocked by removing items of jewelry such $is rings, 
watches, and bracelets before operating machines. 

Overloading electrical circuits is extremely 
dangerous and is not permitted at any time. All 
systems installed in Air Force installations are 
equipped with fuses, circuit breakers, or other 
approved means to' prevent accidental overloading. 
L*se only fuses ol the proper capacity. Never, under 
any circurhstances. use tinfoil, solder. *or other 
materials in place of a fuse. 

To illustrate the care that must be taken tp 
overcome electrical safety hazards, the following 
schedule of regular inspections of wiring in portable 
laboratories is given. 



hem 


Inspection 


Period 


riccinc.il I mc> 


Check for cracks aor*iMon> 
nicU. or cutN» 


E\cr> m da\s 


1 mcs. uincnop 
bii\j> outlet 


(.heck connection l»«r secures 
«>l .m.uhincni e\ceNM*ecoi- 
roMon. or damage that mas 
impair operation <«r he danger- 
ous to personnel 


f \«.r\ da\% 




Check that part numbers on 
cables are legible or na*e 
not been rcmo\ed 


F\cr\ 90 da>s 

< 




Check that *cal t> not hioken 
Check th.it weight i n correct 
Check that pressure is correct 


rver\ 1X0 da\> 
l\cr\ ISO da>s 
L er\ l*0da>s 



Exercise (008): . * 

1 Which of the following actions should be taken 
to'reduce electrical hazards 0 

i Ise polarized, three-prong plugs • 

b. Ha>e personnel wear -metal identification 

bracelets at all times, 

c CKerload circuits, 

d. I se circuit-breakers 

e Perform regular inspections, 

f Ise tinfoil as fuses. 

3-2. Chemical Safety 

Some of the chemicals used in photography are 
onl\ skin irritants, but others can cause more 
serious injuries. All chemicals should be regarded as 
potential poisons and should be handled with 
caution. Acids and caustic alkalies are dangerous 
and c^n cause seyere burns if the> come into contact 
swth the skin. Some chemicals generate heat and 
ma\ start firfs when in contact with other materials. 
The following fules are to get you started thinking 
and practicing chemical safety. 

009. From a list of statements, select those that 
represent correct practices when working with 
photographic chemicals. f 

Here are some of the precautions you should rake 
when handling or mixing photographic chemicals: 

a. Never smell a chemical directly from the 
bottle. Instead, hold the bottle at a little distance 



from your nose and sniff as odor cautiously rather 
than inhaling deeph. 

b. Never taute a chemical. 

c Handle all chemicals cautiousK: some can 
produce burn* or skin irritations. 

d When necessan. wear proper protective 
equipment and clothing ,When working with 
caustic chemicals or acids, wear a rubber apron, 
rubber gloves, and goggles. If you are mixing 
powdered chemicals., use a respirator to prevent 
inhaling the dust. 

e. When diluting strong acid with water, add the 
acid slowly to the water while stirring continuously, 
otherwise, the solution may boil violently and 
splatter on vour face and hands.N^usmg serious 
burns. Remember: ALWAYS ADD ACID. 

f. Be sure that the chemical mix room or area, 
where you are going to mix chemicals, is well 
ventilated. The fumes or dust from some chemicals 
can be ver\ irritating to your nose and eyes as well as 
harmful to photographic {sensitized materials. 

g. Store chemicals in airtight containers in a 
cool. dr> place away from photograptfS sensitized 
materials. Chemical fumes and A^pors may 
deteriorate paper and film emulsions. See that 
chemical containers are properly labeled. 

h. If acids, caustic, or toxic chemicals are spilled 
on a person, remove his clothing, flush the affected 
parts with copious quantities of water, and get 
medical help immediately. In the case of ingestion of 
anv tvpe "of chemical, seek medical attention 
immediately. Do not attempt to introduce liquids or 
to itfduce vomiting. _ 
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Exercise (009): 

I Which of the following statements indicate 
correct practices ol dealing with chemical 
hazards 

a \Micn mixing powdered chemicals, you 

should wear a respirator 
h I he b/jst way to identity a chemical is to taste 

it 

c. When mixing an acid. >ou should add the 
water to the acid. / 

d Chemicals should be stored in airtight 
containers 

e I pon swallow mg a chemical. y ou should seek 
medical attention, 

3-3. Compressed Gases 

In some still photographic facilities, compressed 
gases, such as nitrogen or compressed air. arc used 
daily Though not lethal in themselves, these 
compressed gases do pose a special type of safety 
hazard 

010. Cite two potential safety hazards associated 
with the use of compressed nitrogen gas. 

The most frequently used form of compressed gas 
is nitrogen. Nitrogen is an 'odorless, colorless, 
tasteless, and chemically inert gas which is neither 
corrosive, explosive, nor flammable. Compressed 
nitrogen is used for gaseous-burst agitation. 
(Gaseous-burst agitation requires the release of a 
burst of nitrogen gas at controlled intervals through 
a series of tiny holes located in a distributor device 
placed at the bottom of a processing tank. When 
correct!) monitored and first released, the nitrogen 
burst imparts a sharp displacement pulse, much Jike 
a piston, to the entire processing solution. Then, as 
the bubbles make their way to the surface of the 
solution, a localized agitation action is provided 
around each bubble. By virtue of their great 
numbers and the random paths made to the surface, 
the nitrogen bubbles provide effective agitation at 
the' surfaces of film or paper suspended in the 
solution.) 

In some laboratories, cylinders of compressed air 
are used in equipment having air bearings, air 
squeegees, or pneumatic systems. 

After what has just been said, vou might wonder 
how compressed gas could produce a situation that 
could be hazardous to you. Actually, it can be 
dangerous in two ways. First* since it is compressed. * 
■there is quite a large volume of gas present in the 
container. If it is released in a confined area where 



there is a lack of adequate v cntilation. nitrogen gas 
could easily asphyxiate a. worker. Since nitrogen is 
odorless, colorless, and tasteless, it would be almost 
impossible to identify the hazardous situation until 
it was too late Good ventilation and carcltil 
inspection to insure thaj hoses and fittings arc in 
good condition and properly connected will 
eliminate this potential ha/ard. 

Secondly, because the gas is compressed, its 
container is a source of danger It must be handled 
carefully to avoid being damaged. If the top is 
cracked orW>kcn. the escaping gas would turn the 
cylinder into a deadly projectile.. Although 
accidents occur infrequently, the possibility exists, 
so remember to handle the gas cylinders with care 

Exercise (010): 

■? 

L From the loilow mg list, choose the two potential 
safety hazards associated with compressed 
nitrogen gas 

a, The gas could cause asphyxiation 
b The cylinder could release lethal gas. 

c. T{ie cylinder could become an unguided 
missile 

d. The cylinder could burst into flames. 

\ 

\ 

3-4. Connecting and Disconnecting Tanks of 
Compressed Gas 

At times, it may be necessary fot you to 
disconnect an empty gas cylinder and connect a full 
cylinder to complete your mission. Therefore, you 
should know the proper procedures before trying to 
do this task The following paragraphs are a 
summation of the procedures described in TO 
4£B5 I 2. 

011. Indicate the procedures used to connect tanks 
of compressed gas. 

Connecting, Tanks of Compressed Gas. The first 
step in connecting a new gas cylinder is to crack or 
open the valve slightly. This will blow any dust or 
debris out of the valve. After re-closing the valve, 
attach the regulator or union You myst insure that 
thread^ on the regulator or union are the same as 
those on thecylindervaive. If the-fittings are hard to 
turn, do not force them. Check to be certain that the 
threads are correct and are not damaged. Threads 
must be of the same type and jjave the same number 
of threads per inch to be engageable and to produce 
a satisfactory seal. After attachirtg the regulator to 
the cylinder valve, check to see tha* the adjusting 
screw on the regulator is released before opening the 



e\ Under valve When this is done, the tmes can be 
connected to the regulator 

Disconnecting Tanks of Compressed Gas. The 
procedures lor disconnecting tanks of compressed 
gas are basically the reverse of connecting the tanks. 
However, cracking the cvlinder valve is not 
neee>sarv . 

Exercise (Oil): 

I 1 u>t. m sequence, the steps in connecting a 
compressed gas c> finder. 



3-5. Mechanical Safety 

\v ith anv type of equipment, there is alwavs an 
inherent safetv problem to be coped w ith. Trimmers 
ha\e sharp edges that can cut*, processing machines 
have gears t^iat can pinch The list of potential 
dangers is' limitless However, an alert individual, 
lolloping the established safetv practices, can avoid 
becoming a victim of these hazards. Remember, 
moxt safetv rules are established as a result of 
someone's' unfortunate experience Don't vou 
provide a reason for making a new rule. 
012. Identifv conditions, common to all machine 
operations, that might lead to personal injur). 

The follow ing information is to gi \ e v ou ideas tor 
establishing the tv pe of w ork habits that will reduce 
the possibilitv of mishap and injury. 

Plan Your Work. The more thoroughly you plan 
\ our work, the more hkelv vou are to do it properly 
and safely. When vou perform a task without first 
planning for it. vou usuallvdq manv unnecessary 
operations, make manv ^mist^kes. and use manv 
unsafe procures. Since efficient and safety are 
two of vour most important considerations, u ts 
essential that you plan your work thoroughlv before 
v ou do it. During this preoperational planning, you 
should organize all operations necessarv to 
complete the work properlv. efficiently, and safely. 

The most important idea to bear in mtnd when 
planning a job is to check all pertinent safetv 
instructions. These may concern materials such as 
protective clothing, machine guards, or the type ot 
equipment you are using. Be sure to study safety 
- instructions carefully./especialiy if you art doing a 
job for the first time. As you begin work each day, 
e\en on comparatively simple tasks that you are 
familiar with, plan ahead to be sure all pertinent 
* safety principles are observed, if protective devices 
are required, have them available. 



Discipline Yourself During Work. You know 
irom your basic military training and classroom 
training how important good discipline is. whether 
it is in close order drill or in a classroom project. It is 
even more important when there is a threat to your 
personal safetv \v e are not saying that your job is 
extremely hazardous. It is hazardous only when you 
don t work safelv That is why you must have 
discipline. 

Just what does good discipline have to do with 
you and safetv on the job? Perhaps we can best 
illustrate this bv an example. Let's say that you are 
operating a processor. The local operating in- 
structions tell you never to remove the side panels 
unless the machine is turned off. This is to prevent 
setting hands or loose clothing caught in moving 
gears. However, vou've done the job so many times 
that vou know vou can remove the cover without 
getting caught in the gears. So you ignore that ^ 
caution and leave the machine running while * 
1 removing the co\er Chances are you may get bv 
with it once or maybe several times. However, you 
are just possiblv betting your arm that you can get 
bv with breaking the law of good discipline. You 
know better, but since "old Sarge" isn't there to 
enforce the law. vou think you can get away with 
shortening the procedure. You may cheat on safety 
>ome ot the time, but rarelv ail ot the time, without 
getting caught Remember, once may be too often 
j Stav \lert. Another basic principle of safety is 
alertness Constant alertness is definitelv a prune 
requisite m avoiding accidents. Fundamentally, 
alertness means paving attention, not just now and 
then, but all of the time. Unless you pay close 
attention to what vou re doing at all times, vou 
undoubtedly end up doing something wrong: again. % 
you have a situation in which an accident may 
happen. 

The enemies of alertness are external and internal 
distractions- things that occur outside of you and 
things that occur inside ot you, either mentally or / 
phvsically. 

Perhaps, the most serious disturbances are those 
that vou and Vour buddies create, it is inexcusable 
tor vou or your buddy to do anything that could 
cause you or someone else to have an accident. This 
type of external distraction usually takes the form of 
horseplav 

There are quite a few kinds of internal 
distractions that may destroy alertness. Whether 
thev are mental or physical, the number of possible 
internal distractions is just too many to cover in 
detail. However, let us t^lk about a couple of them 
so that we can see the importance of keeping 
mentallv and physically alert while on duty. 



15 



A mental distraction is perhaps most often caused 
by thinking about personal problems rather than 
concentrating on what yo>u are doing. This violates 
the principle of alertness. The reason that mental 
distractions are especially hazardous it that it is 
impossible for most people to pa> attention to more 
than one thing at a time. Unless you are a rare 
exception, you had better forget about personal 
problems while working. If y o^ir personal prpblems 
are so great that they interfere with your work, let 
y our superv isor know . He ma> be able to help you 
soke them Don't let your personal problems make 
you cause an accident that damages or hurts 
somebod\ . This w ould create e\ en bigger pFoblems 

Another common mental distraction is 
daydreaming. This. is particularly dangerous, since 
your mind can become completely absorbed in the 
pleasantness of a daydream, and your alertness is 
destroyed There are very few of us who haven t 
occasionally been caught napping by a sudden 
emergency that we otherwise would have seen. 
Don't permit idle thoughts to destroy alertness. It 
can cause an accident. 



The other kinds of internal distractions are 
physical. The most prevalent kinds are fatigue, 
severe pain, and illness. Most of us take care of 
severe pain and illness, or at least we should. The 
problem ot fatigue cannot always be elimintett 
When you become fatigued, vou should recognize it 
and not let it go too far before you inform your 
supervisor. 

Exercise (0!2): 



f. From the following list,* identify conditions 
common to all machine operations thai might 
lead to personal injury. 

a. Organizing work operations. 

b. Planning a camping trip while operating a 
paper cutter. 

c. Keeping physically fit. 

d. Disiegarding operating instructions, 
e Poor work planning.* 

f. Mental distractions. 
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MODIFICATIONS 

p£ l/^£nJi6 o f this publication has (have) been deleted in 
adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education." Deleted material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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CHAPTER. 7 



Environmental Protection 



EW I R0\ MEN TAL pollution is the presence of 
physical, chemical, and biological elements that 
adversely atiect aii hung things Pollution atfects 
human health, alters ecological balances, affects 
animal arid plant lite, and causes deterioration of 
man-made obiects. it includes noise, improper solid 
waste management, and other things 
conventionally thought of as pollutants ' 

Pollution is an economic, technical, and social 
problem. It is a problem because the earth and its 
inhabitants ha\e only a limited supply of air and 
water \\ hen these are gone, or contaminated to the 
point where they can no longer support life, all 
Imng things on earth, as we know them, will 
become eKhnct. Only recently ha\e we become 
aware of the consequences ot poisoning these two 
life-sustaining substances. Because, of this 
awarenesN. much has been done to lay the 
groundwork for legislation to control water and air 
pollution. 

The Reluse Act of 1899 requires that a permit be 
obtained betore virtually any substance other than 
sewage is discharged into most streams, rivers, 
lakes, or other bodies of water. Failure to do so 
constitutes a criminal offense. Air Force personnel 
responsible for violating this act can be criminally, 
prosecuted. 

The Clean Air Act requires Federal 
installations to comply with Federal, state, 
interstate, and local requirements for the control 
and abatement of air pollution. This is more than 
just meeting air quality standards For example, it 
means that it is necessary to apply for state permits 
where activities such as fire-fighting training 
requires *tate approval. 

In this chapter, we discuss the environmental 
protection program of the Air Force with particular 
emphasis ori photographic facilities. In light of this 
goal, we also discuss reclaiming silver from fixing 
baths. 

7-1. Environmental Protection Programs 

As explained in AFR I9-L Pollution Abatement 



and Envnonmental Qualitx. environmental 
pollution is the presence ot physical, chemical, and 
biological elements or Agents that adversely affect 
human health or welfare, unfavorably alter 
ecological balances of importance to human life, 
adverselv, affect species of animal or plant life, cause 
damage to and deterioration of manmade materials 
or property, or degrade the utility of the 
environment for aesthetic and recreation purposes. 
Control o! environmental pollution requires 
consideration ot air, watei, and land, and must 
extend to noise, improper solid waste management, 
and electromagnetic energy, as well as things 
conventionally thought of as pollutants 

027. From a list of possible environmental 
practices, identify those which are consistent with 
Air Force policy. 

The Federal Water Pollutiori Control Act. the 
Clean Air Act. and other recent Federal legislation 
require that Federal installations^ comply with 
Federal, state, and local legislation covering 
pollution. The Air Force, therefore, is actively 
involved in pollution control. 

Air Force environmental policy encompasses the 
following principles' 1 

a. FJimmate or control environmental pollutants 
generated by jor resulting trom Air Force operations 
or from conttactor operations on real property 
owned, leased, or controlled bv the Air Force 
consistent with the overall mission of the Air Force. 

b. Lead in pre\enting. controlling, and abatng 
environmental pollution b> accelerating corrective 
measures .at, Air Force installations, and by 
initiating and supporting local area programs of 
local communities in developing area-pollution 
abatement programs. 

v. Provide preventive pollution control by. (I) 
reducing or eliminating waste at the point of 
generation. (2) considering potential environmental 
pollution control problems whenselectingchemical 
compounds and material to be used n Air Force 
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operations, and (3) including pollution abatement 
s .s an element, in specifications. 

</. Dispose ot discharge pollutants in a manner 
that will not. directly or indirectly, expose people to 
concentrations of any substance hazardous to 
health. 

e Insure that contracts for disposal of waste 
contain provision* which require the disposal 
method to be in accordance with applicable local, 
-tate. and or Federal criteria and standards. . 

f Install facilities or establish procedures to 
>revent heated water from- increasing stream 
ernperatures above acceptable limits. 

g. Install treatment facilities v> here local facilities 
a r e not adequate. 

h Insure that all materials (including solid fuels. 
a*hes. petroleum products, and other chemical and 
biological agents) arc used, stoied. and handled to 
avoid or minimize the possibilities of water and 7 air 
pollution. 

The Role of the Base Photo Lab. The base photo 
laboratorv has an important role in carrying out the 
Air ForceS environmental protection policies. The 
discharge of photographic solutions and waste into 
the sewage svstem poses a problem. A laboratory 
can promote safe disposal b\ making sure that the 
photographic solutions ar^djvaste are well mixed 
with water. It large amounts must be discharged, as 
'\hen processing machines are drained, it would be 
Sest uncollect the solutions in stand tanks and then 
control the outflow. 

Ihe photographic laboratory makes a vital 
contribution through the silver recovery program 
^Trie-regeneration of silver-laden fixing baths and 
the recoverv ot silver from black-and-white films 
saves* a vitaj national resource and reduces the 
amount oi silver-laden waste that is discharged, 
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Exercise (027): 

I Which of the following practices are consistent 
with Air Force policy? \ 



a Establishment of treatment facilities. 
k Pollution disposal methods may violate local 

laws. 

c Reduction of waste at-the point of generation, 
d Expose local residents to mercury poisioning. 
e The discharge of large ambunts of silver from 
ba*e photographic operations. 

7-2. Sliver Recovery Units 

The annual production of silver in the United 
State* accounts for only 25 percent of the Nation's 
industrial requirements. The balance must be 

/ 



obtained through purchase from foreign countries. 
I his has an adverse etfect on the Balance of 
Payments Program. The photographic jndustry 
uses approximately 43,000.000 troy ounces ( 12 troy 
ounces to a pound) of silver per year. The Air Force 
is a major consumer of photographic products. 
Therefore, recovery of silver from expended 
photographic material i§ vital in the interest of 
national econorm. conservation of a critical 
material, environmental protection, and allev iation 
of the gold flow problem. 

Silver is available for recovery from two main 
sources in the photographic field. One source is 
* various exhausted processing solutions. The other is 
expended films, papers, and some printed plates. 

028. Cite the advantages and disadvantages of 
equipment used in silver recovery from fixing 
solutions. 

Fixing baths used in black-and-white and color 
processing are rich sources of silver. The purpose of 
the fixing bath is to convert unexposed, 
undeveloped silver halides to water-soluble 
compounds that can be remov ed from the emulsion. 
When black-and-white films are processed, up to 80 
percent of the silver in the emulsion dissolves out 
and remains m solution in the fixing bath The 
remainder ot the stiver forms the image. In color 
processing, all ot the metallic silver in the film is 
converted to a Mixer salt in the bleach and is 
removed in the subsequent fixing bath. 

Primary Fixers, The primary fixers used in Air 
Force photographic processing are ammonium 
thiosulfate and sodium thiosulfate. ^described thus* 
a. Ammonium thiosulfate fixers are exhausted 
primarily by dilution. Dilution is caused by 
chemicals carried into the bath by the film and. in 
turn, fixer ingredients are carried out. The fixing 
rate of ammonium thiosulfate is affected very little 
bv the silver concentration, so continuous recovery 
of silver does nor extend its life. The justification for 
recoverv is the silver itself. Also, with continuous 
silver recovery, all films enter the wash containing 
very little residual silver. Since the washing rate is 
extremely sensitive to the presence of silver, films 
w ith low residual silver wash more quickly and have 
Mipenor archival properties. 

h. Films fixed w ith sodium thiosulfate have wash 
properties similar to those fixed with ammonium 
thiosulfate: however, sodium thiosulfate is affected 
more by silver buildup and is more sensitive to its 
removal. Continuous silver recovery keeps the 
fixing time short and. more importantly, increases 
the fixei life by approximately 50 percent. 
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Medium* and high-volume processing facilities 
that generate more than 30 gallons of exhausted 
h>po solultion per 8-hour day (except mobile 
laboratory facilities) shoi^d use an electrolytic 
recovery unit, such as the one shown in figure 7-1. 
Activities such as ^reconnaissance technical 
squadrons, radiographic laboratories, and base 
photographic laboratories profit by using this 
system. 

Metallic Replacement. Metallic replacement 
occurs when a metal, such as iron, comes in contact 
with a solution containing dissolved ions of a less 
active metal, such as silver. In this silver recovery 
s>stem. the dissolved silver ions react with a solid 
metal, iron. The iron, being the more active metal, 
goes into solution as an ion. and an ion of the less 
active silver becomes solid metal. 

Although silver ions can displace ions of many of 
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Methods of' Siher Recovery from Fixer 
Solutions. There are three pnmarv methods for 
recovering silver from used fixer solutions* These 
are electrolvtic, metallic replacement, and chemical 
precipitation. 

Electrolytic. In the electrolytic, method of* 
recover), silver is removed from fixirf|^g{ths by 
passing a controlled, direct electrical fluent 
between two electrodes (a cathode and an anode) 
that are hung m thewlutions., Silver is deposited on 
the cathode in the form of a nearly pure silver plate. 
The cathodes are removed periodically and tfie 
silver is stripped off. itf^intain the, highest 
efficient antl recovery i^HJsilver content of the 
solution and amperage of tne electrical current are 
constantly monitored electronically. This method is 
the onlv one that permits reuse of fixer, after the 
silver is removed. 



the common metals from their solid state, /incand 
iron are the metals most commonly used to recover 
sliver trom tixmg baths. Because of us economy and 
convenience, steel wool is the most often used. 

I he aciditv of the fix \h an important lactor when 
\ou use steel wool to recover silver. Iron dissolves 
readily in acid solutions, and once it is dissolved, it 
no longer reacts with silver ions. Too strong an acid 
solution, therefore, results in the loss of some of the 
steel w ool. However, some dissolution of the iron by 
the acid ti\ is desirable because the etching action of 
the acid exposes new surface area to the solution. 
Moreover, excess alkalinity slows the replacement 
reaction. 

Fortunately, the pH of most fixes is within the 
range for good utilization of steel wool. Below a pH 
o! 4. the dissolution of the steel wool is too rapid. 
Abov e a pH of 6. the replacement reaction is so slow 
that an excessive amount of silver may be lost due to 
the long reaction time required to recover the silver. 



Alter removal ol the silver by metalli^ 
icplaeement. the spent fixing bath must be' 
discarded. This effluent is highly contaminated with 
iron and has no further photographic use. 

* 

Since the advent of the chemical recovery 
cartridge, shown in figure 7-2, the metallic 
/ replacement method ot reclaiming silver has gained 
widespread acceptance. The cartridge is easy to use 
and effective. Fixing solution is pumped through 
the cartridge and the silver collects on the steel wool. 
After it becomes laden with silver, the used steel 
wool can be replaced with fresh. The; metallic 
replacement system is ideal for low volume 
photographic facilities that generate fewer than 30 
gallons of exhausted hypo solution per 8-hour day.* 
These activities include medical and dental X-ray 
laboratories, photographic hobby shops, and small 
base photographic laboratories. AH mobile facilities 
can be served by this system. 
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Figure 1 2, Metallic Replacement Cartridge 
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Chenmal precipitation. Bv adding certain 
cherriiculs such' as sodium hvdroxide to the solution, 
solver in precipitated from the fixing bath in the 
form ot sludge which is dried and refined to reclaim 
the bifver I'he fixing solution must be discarded 
alter using this method, I*his method is ,not 
recommended for Air Force use due to facility and 
manpower requirements and becuuseof the noxious 
fumes and odors it generated. 0 

Exercises (028): 

I. Explain the effect that silver reco\er> has on the* 
two types of fixing baths used in the Air Force. 



2. What is the advantage of the electrolv tic method 
ol silver recovers? 



3 I nder what conditions is the metallic 
replacement method ideal? 



4, What are the drawbacks in the chemical 
precipitation method? 




029. Identify the methods that can bemused to 
recover sil\er from black-and-v*hite film. 

Methods' of Silver Recover) from Black-and- 
White Film. I here are currentlv two methods for 
recovering silver from processed and unprocessed 
film and paper remnants. These are: 

Incirteratton. In this method, the film is reduced, 
^to ash under controlled conditions. The material is 
placed in a burner to control temperature not to 
exceed l.700 9 'Fahrenheit. since higher temperatures 
bring about vapori/ationof the silver. To .comply 
with pollution abatement standards, control of 
emission is also essential. Alter it is recovered, the 
ash is further refined by smelting. 

Emulsion stripping. Film strippers are designed 
to remove the residual silver from. photographic 
negative, sheet, or rollliim base. The strippers utilize 
a chemical solution Which converts the silver in the 
emulsion back to a halide state. This method is 
genera IK considered more expensive than reducing 
the film to ash. but it has the advantage of 
conserving the film- base forYeuse or sale. 

Exercise (029): 

I. What two methods arc used to recover silver 
I mm black-and-white film 0 ^ 
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CHAPTER ! 

Reference: 

001 - I *b.c. d 

002 -1 1 b. 2. a. 3 e. 4 d. 5 c 



003 - I 

003 -1 
003 - 3 



3 level 
5 levcL 
7fcvei 



CHAPTER 2 



004 . 1 



a Classified 

b Unclassified, 

c For Official I se Onl> 

d Unclassified but of possible intelligence value 

005 -1 a TOP SECRET 
b SECRET 
c CONFIDENTIAL 
d CONFIDENTIAL, 
e FOR OFFICIAL USE ONLY 

006-1 a Mlssenger 

b Encrvpted radio message 
c Registered mail 

00" * I a Poor physical secuntv 
b Poor planning, 
c Aue ot rank. 

d Talk around, paraphrasing, incomplete references, 
self-made'reference s>stem 

CHAPTER 3 

a.d.e 
a. c 

Crack the valve, re-close vake. attach the regulator, 
check the adjusting sere* on the regulator 3nd make 
certain that it is released before opening the cylinder 
valve, connect lines to the regulator 



01? - 1 



018- 1 



019'- I 



*o:o - 1 

S20- 2. 



008 - I 



009 
010 



010 - I 



012-1 b d. e. f 



•CHAPTER 4 



013- I 
014 - I 



Provides a listing of the type and quantity of 
equipment authorized for different types and sizes of 
operations- The "allowances" therefore form the basic 
requirements for a unit. 

When property valued at less than S250 is lost and the 
individual *ho is responsible admits liability but 
cannot pa> font. The statement of charges authorizes 
the Air Force to take the amount due from the person s 

• pav. 

When propern valued at S250 or more is lost or when 
the charged individual does not admit liability 

Transition training, contract special training, and 
ATC Special Resident training 
AFM 50-5 is the US A F Formal Schools Catalog^ 
catalogs two volumes give information related to all 
training courses conducted bv the Air Force^ 



021 - I 
021 - 2. 



025 - 1 



I d. 2. a. 3 b 4 c 

IOE8-2-5-1P 10 = Photographic Equipment. 
Supplies, and Sensitized Materials Technical Orders. 
E = Processing Equipment. 2 = Contact (Manual) 
Printers: 5 = Type A-14a (Morse); 1 1 = Operation and 
Service Instructions. 

015- 1 Oaroage\o equipment and mission failure 
"^X^^^ CHAPTER 5 

016- 1, AFFormoOlb.Custodian Request Receipt, is used to 

request equipment' through normal supiiy channels 
' and for turning tn unserviceable equipment. 

AF Form 1297. Temporary* 1**^ Receipt, is used to 
cneck out nonexpendable supphes io^k unit supply. 



026- 1 



CHAPTER 6 



e. g. h. j 



a 
b 
c 
d 
e 

022 - 1 a. 



Mental * 
Federal' 
Regulations 
I npubhsfted 
Civil criminal 

They idcntifv the^task to be performed, explain the 
reasons for performing the task, place the 
responsibtlitv for performance, and ourtine the 
procedure for performance 
b Contains the vtep-bv -step written record of the job 
from the requeM through the production steps and 
the delivery 

c Process control charts axe used to help maintain 
quality control , * 

I a. b. c. d. e 
I. a. b. e. 



a Still photographic documentation. 

b* Number, calendar year. unit, and classification. 

c Acetate (base) 

d. The identification number, classification caption, 
and credit line / 

a Filed or forwarded, 

b CONFIDENTIAL, 

c Negative file ledger 



CHAPTER ? 



or - i 

02? - 1 



a. c. 



An ammonium thiosulfate fixing bath is exhausted 
primarily bv dilution. Silver recovery, therefore, does 



not extend its life A >odium thiosulfate fixer is 
sensitise to sihex buildup: therefore, silver recovery 
docs extend its life. 

028 - Z Unlike other methods, the electrolytic method permits 

reuse of the fixing bath 
028 - 3 Low volume photographic facilities that generate 



fewer than 30 gallons of exhausted h\ po solution per 8- 
hour day, „ ' 

028 * 4. Chemical precipitation requires special facilities and 

manpower requirements. Thi> method also generates 
noxious fumes and odors. t 

029 - 1 Incineration and emulsion stripping. 



) 



'J. 
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1. MATCH ANSWER 2. USE NUMBER I OR 
SHEET TO THIS NUMBER 2 PENCIL. 

STOP- EXERCISE NUM- 

BER. 

23132 01 21 

EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERCISE 
GENERAL SUBJECTS 

Carefully read the following: 

DO'S: 

1. Check the "course," "volume," and tl form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 

2. Note that numerical sequence on answer sheet alternates across from column 
to column. v 

3. Use a medium sharp #1 or #2 black lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklet. After you are sure of your 
answers, "transfer them to the answer sheet If you have to change an answer 
on the answer sheet, be sure that the erasure is complete. Use a clean eraser. 
But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. L 

If voluntarily enrolled student, send questions or comments to ECI on ECI 
Form 17. 

DON'TS: 

1. Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors. 

3. Don't fold, spindle, staple, tape, or mutilate* the answer sheet 

4. Don't use ink or any marking other than a #1 or #2 black lead pencil. 

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED 
ON THE VOLUME REVIEW EXERCISE. In parenthesis after each 
item number on the VRE is the Learning Objective Number where the 
answer to that item can be located. When answering the items on the 
VRE, refer to the Learning Objectives indicated by these Numbers. The 
VRE results will be sent to, you on a postcard which will list the actual ^ 
VRE items you missed. Go to the VRE booklet and locate the Learning 
' Objective Numbers for the items missed. Go to the text and c3t*fully 

review the areas covered by these references. Review the entire VRE apm 
-before you take the closed-book Course Examination. 
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Multiple Choice 

(001) All of the following methods may be used to achieve AFSC 23132 except 

a, passing the apprentice knowledge test. 

b, completing the Basic Still Photographic Course. 

c. completing the By-Pass Career Development Course. 

d. receiving upgrade training. 

(001) Job proficiency and job knowledge make up 

a. the "Dual-Channel Concept" of upgrade training. 

b. a career development course. 

c. on-the-job training. 

d. the apprentice knowledge test. 

(002) A chief master sergeant in still photography would have which of the 
following AFSCs? 

a. 23190. c - 23152 - 

b. 23172. d - 23192 - 

(003) According to the specialty description \ all of the following would be 
performed by 3 and 5 level still photographic workers except for 

* 

*he processing of film. 

b. the lighting of copy setups. t 

c. performing quality control. ^ * 

d. the mixing and controlling of photo chemistry. 

(00U) Official information is divided into which two broad categories? 

a. Classified and unclassified information.^ 

b. CONFIDENTIAL and Unconf idential information, 
c! SECRET and For Official Use Only. 

d. CONFIDENTIAL and. Of Possible Intelligence Value. 

(005 >' Exceptionally grave damage to the national security could result from 
the unauthorized disclosure of 

a. SECRET information. 

b. TOP SECRET information. * , 

c. CONFIDENTIAL information. 

d. information Of-Possible Intelligence Va3^e^ 

(005) Serious damage to the national security could result from the 
unauthorized disclosure of what level of classified information. 

a. SECRET. - f 

b. TOP SECRET. * r 

c. Confidential. , ^ 

d. Information Of Possible Intelligence Value. 

(006) A mode of , communication that is reliable is one where 

a' there is little chance of compromise. 

b! the>time it takes to send out the message is minimized. 

i there is no chance for "bugging." * t 

d! there is a guarantee that the, message will reach the right person. 
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9. (006) Each of\the following modes of conmunication can be used to transmit 
classified' information except \ 

/ c. the telephone. 

a. roan j * _ , . 

b. messenger/ • d. the radl0 ' 

10. (006) Mail can not be used to transmit what type 'of information? . 

a. TOP SECRET. • ' 

b. SECRET. 

c. CONFIDENTIAL. 

d. Information Of Possible Intelligence Value. 

li (007)' If you refer to a classified piece of electronics as that "big black- 
W- when on the telephone, you are trying to discuss classified information 
b* using 

a. "paraphrasing." e. partial reference 

b. "talk around." _ d. "codewords. f 

12. /COS) All of the following should be used to reduce electrical hazards except 

„, ft hTv»aWPT»s c. 'tinfoil fuses. 

' I ?hSe- P ^r g a pluls. d- groped electrical equipment. 

13. (009) When mixing a strong acid and/watjj^oVshould always 
a.' add the water to the acid. 

b simultaneously pour*the acid and water into a container. 
I mXtZXSl ^fin/S^tor* P^or to pouri.* tt into the aoio. 
1U. (009) Chemicals should be store/ in airtight containers 

a. in open storage tanks . , 

b. in a" warm, h^mi^environiaent . 

c. next /to sen£tized\naterial so it is always available. 

d. in a cool, dry plac 

15. (010) All of theSfollwing characteristics apply to compressed nitrogen gas 
except that it , f 

r 

a. can cause asphyxiation. c. is ordorless. 

b. is colorless. . *• flanoable. 

16. (011) The first step in connecting a new gas cylinder is to 

* . f 

a. hook up the regulator to the union. 

b. release the adjusting screw. 

c. crack the valve, 

d. -connect the lines to the regulator. 

17. (012) All of the following can help you reduce accidents e xcep t, 

t 

. a . planning your work-. . c. alertness 

b. self-discipline, d. .daydreaming. 
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18. (012) The reason that mental distractions are so hazardous is that we , 

a. neglect to seek counsel and advice for our problems. 

b. tend to become mentally fatigued. 

c. become irritable and impatient. 

d. can generally pay attention to only offe thing at a time, 

19. (013) There are a number of indexes, to technical orders and manuals, but 
the one you will be most concerned with is 

a. 0-1-01. v c. 0-3-1. 

b. 0-2-1. d. 0-4-1. 

/• 

20. \ (013) The numerical index for photo technical orders is 

a. 0-4-1. c. o-i-i-i; 

b. 0-1-10. d. 0-1-01. 

21. (013) When only the type of equipment is known, it is best to look up the 
applicable technipal order- in the 

a. Numerical Index and Requirement Table. 

b. index type technical order. ^ 

c. alphabetical index. 

d. cross-reference tables index. *J 

22. (014) In technical order number 10E8-2-19-4, the number 10 indicates the 

a^ technical order category. * c. specific item of ■ equipment. 
,b. . major group of publications. d. °* Publ* 03 ** 011 ' 

23. (014) Sensitized materials and supplies are found in which major group of 
technical publications? 

a. 10H. c. 10E. 

b. 10J. d. 103. 

24. <015) Reading commercial texts will help you prevent all of the following 
except for 



a. wrong exposures. c. material defects. 

b. wrong processing times. d. mission failures. 

25. (016) Which Air Force 'form is used to dispose of obsolete or unneeded items? 

( 

, a. 67-1. y- c. 629. 

b, 601b. f d. 1297. 

26. (016) Which Air Fc*ee form is used for the temporary issue of nonexpendable 
supplies? 




^x 



59/ ( c. 1205. 

b. Sfllb. d. 1297. 

27. (017) To determine what equipment is authorized for your photo laboratory, you 
should consuA the 

a. numerical equipment index. c. applicable technical orders. 

b. tables of allowance. d. ] photographic laboratory index. 




28. (018) Any time you acquire an item of Air Force property, you have 

A. no direct responsibility for the item. 

Vb. a supervisory responsibility. 

c. a custodial responsibility. 

d. a supply responsibility. , 

29. (018) Pecuniary 'liability for loss or damage of Air Force property is outlined 
in 

a. AFR 0-9. c. AFR 11-31. 

b. AFR 0-10. . d. AFR 67-10. 

- 30. 1 (019) A report of survey 'is conducted 

a. when ^he/lost or damaged equiproept cost less than $40. 

b. only when the person was negligent. 

c. when time permits. # 

d. when "the person who has lost or damaged equipment denies pecuniary 
liability. ' \ 

31. (020) What type of training would be given to qualify skilled personnel on new 
or different types of equipment associated with their AFSCs? 

a. Transition training. c. Proficiency training. 

b. Familiarization training. s d. Qualification training. 

32. (020) All of the following are examples of Air Force special training except 

a. retraining into a different career field. 

b. contract training. 

c. Air Training Command Special Resident Training. / 

d. on-the-job training. 

33. (02t>) To determine what training \k available, you should cansult 

a. AFM 12-97. AFR 52-2. 

b. AFM 50-5. , d. AFR 67-10. 

34. (021) Whthln the United States, copyright protection is obtained from the 

a. st^te where the artist lives. 

b. United Nations. J 

c. person or corporation who buys the work. 

d. Federal Government. 

35. (021) whichhAi* Force regulation covers the procedures regarding prating, 
duplication^/ and copying? 

a. AFR 6Vl. c " AFR 52 " 5# 

b. AFR 50-5. d- AFR 36 ' 93 - 

( 3B. (021) Whi^h of the following can be copied to the same size and in color? 

a. Stamps .\ v c - Checks. 

b. Coins. \ d. Paper money. 

37K (022) Compete procedures to be follo wed ^ n performing a task are likely to 
be found in 

a. workordeW. ^ c. quality control forms. 

b. dperating\ instructions. d. routing slips. 

/ 
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38, (023) All of the following are considered during mission planning except 

a. tables of allowance. , c. sedurity. , 

b\ work priorities. d. ' selection of equipment. 

39. (02*0 Each of the following types of information would be useful to record 
during a mission except to list 




a. the size and type of the film. 

b. all of the technical data. _ 

c. the time expended in setting up eqiftpment. 

d. the subject matter. ' ' 

U0. (025) Still photography documentation as part of the Air Force mission should 
do each of the following except, to 

a. depict significant functions and activities of all major commands and 
command level agencies. 

b. provide a visual history of the ' Air Force. ' 

c. provide good quality photographs of key personnel. ^ 

d. provide a continuous visual account of the day-to-day activities of an 
organization . 

Ul. (025) The Audiovisual Records Disposition Program is covered in 

a. AFR 398-2. c. AFM 107-10. 

b. AFR 205-1. d. AFR 95-«*. 

U2. (025) Each of the following is lettered on a negative except for the 

a. calendar year. * c. photographer's name. 

b. security classification. d. exposing unit, 

U3. (025) Each of the following is lettered or printed on a release print except 
for the 

a. caption data. < ^ ' c. credit lijie, 

b. classification. d. exposure setting. 

(026) Which of the following types of negatives would normally be filed? 

a. Copy negatives that satisfy the needs of one user. 

b. Combat documentation. 

c. Negatives /of recreational subjects. 

d. Negatives of poor technical quality^ 

45. (027) Which of the following practices is not consistent with Air Force 
environmental policies? 

h a. That contracts for the disposal of waste meet local laws. , 

b. 'installation of treatment facilities. 

c. Insuring that all chemicals are dumped into bodies of water. 

d. Support of local environmental programs. 

» 

U6. (028) Silver recovery improves the fixer life of which of the following 
chemical solutions? 



a. Sodium cWbonate. c. Potassium bromide. 

b. Sodium thiosulfate. d. Ammonium thiosulfate. 
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(028) Silver is recovered from all of the following photograph^ sources 
except 

a. black -an^-white film. 

b, fixing b«hs used in color processing. 

\c. fixing baths used in black-and-white processing, 
d. color film. 

(028) Which of the following is a primary method of recovering silver? 

a. Chemical distillation. c. Chemical precipitation. 

b. Metallic recipitation . d. Metallic abstraction. 

(02'8) Through which of the following means has the metallic replacement method 
of reclaiming silver been given widespread acceptance? 

a. By using the chemical recovery cartridge. 

b* By adding sodium hydroxide to the fixing solution. 

c. By using a chemically dissolved ionized copper plate, 
d! By adding an alkaline solution to the fix. 

(029) Which of the following is one of the methods of silver recovery from 
unprocessed film and paper remnants? 

a. Shreading. c. Chemical evaporation. 

b. Incineration. Chemical distillation. 
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Preface 

THIS SECOND of four volumes is designed to help you qualify as an. 
Apprentice Still Photographic Specialist. Volume 2 contains information on 
black and white films, exposure, camera systems, optics, lighting, and filters. 

Chapter 1 discusses various black-and-white film 'emulsions, the criteria for 
the selection of film emulsions, and the methods and procedures used for the 
proper storage and preservation of unexposed black and white films. 

In Chapter 2 we cover the theory of photographic exposure and the 
various devices, and the procedures that are used to measure and calculate 
the brightness of a scene to determine proper exposure. 

Chapter 3 covers the operation of reflex cameras, press and view cameras, 
copy and duplicating cameras, 35mm SLR/RF cameras, and motion picture 
cameras. 

Chapter 4 is devoted to photographic optics. In this chapter we cover such 
items as principles of photographic lenses, lens types and their effects, and 
the use of lenses for image control. 

Chapter 5 is devoted to lighting. We delve into what might be considered 
the keystone of photography-light. Just as the talent of an artist is reflected 
in the delicate hues and shading of oil colors on his painting, so, too, the 
professionalism that a photographer exhibits is marked by the manner in 
which he uses light. By intelligent use of various lights and light sources, his 
photographs can be made to reflect the desired mood, style^and impact. 

Chapter 6 provides information on photographic filters. Many 
photographers think filters are used only to emphasize clouds in 
black-and-white pictures. But filters have many more uses, in both 
black-and-white and color photography. This chapter covers the theory of 
filter use as it applies to black-and-white work. ' 

If you have questions on the accuracy or currency of the subject matter of 
this text, or recommendations for its improvement, send them to Tech Tng 
Cen/TTOX, Lowry AFB CO 80230. NOTE: Do not use the suggestion 
program to 'submit corrections for typographical or other errors. 

If you .have questions on course enrollment or administration, or on any 
of ECI's instructional aids (Your Key to Career Development, Behavioral 
Objective Exercises, Volume Review Exercise, and Course Examination), 
consult your education officer, training officer, or NCO, as appropriate. If he 
can't answer your questions, send them to ECI, Gunter AFS AL 36ll8 t 
preferably on ECI Form 17, Student Request for Assistance. 

This volume is valued at 27 hours (9 points)., 

Material in this volume is technically accurate, adequate, and current as of 
July 1975, 



t 



7 

Contents 

Page 

Preface Hi 

Chapter 

i 

1 Sensitized Black-and-White Film Materials r > . 1 

2 Photographic Exposure 16 

3 Still/Motion Picture Cameras . , , 30 

4 Photographic Optics / 76 

U / 

5 Available and Supplemental Light 91 

6 Photographic Filters * 107 

Bibliography . 1 20 

Answers for Exercises . . ^ 121 



38 

iv 

J 

/ 



r 

( 



CHAPTER 1 



« 

' o 



NOTE:, In this volume, the subject matter is developed by a series of Learning Objectives. 
Each of these carries a 3-digit number and is in boldface type. Each sets a learning goal for 
you. The text that follows the objective gives you the information you need to reach that 
goal. The exercises following the information give you a check on, your achievement'. When 
you complete them, see if your answers match those in the back of this volume. If your 
response to an exercise is iricorrect, review the objective and its text. 



Sensitized Biack-and-White Film Materials 



and antihalation backing. Refer to figure 1-1. 
We discuss the function of each of these 
layers. t 

200. Complete sentences aboufthe functions 
jmd characteristics of various layers in the 
structure, of film. 



The Overcoating. The overcoating is a thin 
layer of gelatin that protects the efhulsion 
beneath it during normal handling and use of 
the material. Without this protective 
overcoating, the mere act of placing films on 
top of pne another *would be sufficient to 
causef minor scratch and abrasion marks which 
would show up after processing. However, 
this overcoating cannot protect the emulsion 
from rough or abusive handling. 

The Emulsion Coating. The emulsioh 
coating is a light-sensitive layer consisting of 
millions of microscopic silver halide particles 
imbedded and suspended^ in gelatin. The 
characteristics of the emulsion are determined 
by the kind and combination of silver halides, 
the size of the silver halides, how evenly 
distributed they are in the gelatin, and the 
addition of dyes and other chemicals in the 
emulsion, and the quality of the gelatin itself. 
The emulsion, therefore, gives the film its 
basic characteristics. 

The Substratum Coatings. The emulsion 
gelatin containing the light-sensitive particles 
does not adhere to the base without some 
kind of bonding material. A coating, spread 
over the base, provides the bond between the 

.33 ," 



THIS CHAPTER will acquaint you with the 
physical structure and emulsion 
characteristics of black-and-white filrp, There 
are many types of black-an<J-white sensitized 
materials (film) available for your use. Some 
of the differences between these films are 
very important. Quality photographic results 
depend on your knowing and taking 
advantage of these differences. When you are 
aware of the differences in various types of 
film, you can make an intelligent choice to 
obtain a desired result. Even with the simplest 
of cameras, a change in film may improve the 
final product. 



1-1. Structure 

All conventional photographic films consist 
of several layers. Each layer is made of a given 
material to serve a specific function. These 
layers are: the overcoating, the emulsion 
coating, the substratum coatings, Jilm base. 



OVERCOATING 
EMULSION 



SUBSTRATUM 
COATING 



FILM BASE-f 

SUBSTRATUM 
COATING 



ANTIHALATION 
SACKING 




2V-Z3* 



Figure 1-1. Structure of film erauUion. 



base and the emulsion. There are two 
coatings— one on$fcadh side of the film base. 
The bonding <Jp|t uHi very ex&ct formula 
consisting of a cellulose acetate solvent, 
gelatin, and a gelatin solvent. These bind the 
emulsion coating and the antihalation coating 
firmly to the film base. 

The Film Base. At one time the only 
' support used for negative emulsions was glass. 
But since glass plates were heavy, bulky, and 
easily broken, photography was limited to 
professional use. (Glass plates are still used in 
many scientific applications of photography.) 
Eventually, research proved cellulose nitrate 
to be a suitable base material for the emulsion 
layer. It was light in weight, chemically inert 
(not affected by processing), transparent 
when free from impurities, and flexible 
(characteristics essential for common films). 
However, it had the tremendous disadvantage 
of being flammable. It would burn with almost 
explosive force. Film manufacture has now 
progressed to give us fire-resistant plastic base 
materials, such as cellulose acetate, with great 
resistance to shrinkage and tearing. 

The Antihalation Backing. The antihalation ' 
backing is usually a layer of dyed gelatin on 
the back side of the film. This backing serves 
two purposes, one of which is to counteract 
the curling tendencies of the film due to the 
contraction of the emulsion layer when it sets 
and dries. This helps the film to "lie flatter in 
the sheet film holders and also makes it easier 
to handle when printing. The other purpose is 
- to absorb as much light as possible which goes 
through the film during the exposure. This 
light would otherwise be reflected back into 
the emulsion layer causing a halo around the 
images of brilliant subjects. Such unwanted 
effects are called halation. 

Black antihalation dyes are more effective 
than dyes of other colors, but normal 
processes make their use impractical. 
Ordinary processing solutions are unable to 
destroy the bladk dyes which have been 
discovered so far. (There is an exception in 
the graphic arts field that requires a special 
developing solution,) Until a black dye is 
developed that can be destroyed in the 
processing solutions, we must use dyes of a 
color to which the film is least sensitive, or 
use a dye that absorbs as much as possible the 
unwanted light that causes halation. 

Exercise (200): 

1, Complete the following , statements 
regarding' the structure of film. 

a. The - protects the film from 

minor scratches. 



b. The photographic image is formed in the 

c. There are substratum- 

coatings. 

d. Glass and cellulose acejbate are materials 
that can be used to make the — _ 



e. The antihalation backing is used to 
prevent . — and • 



1-2. Grain 

A photographic emulsion contains 
microscopic particles (grains) of silver halide. 
Because of certain processes during 
manufacturing, these grains have a tendency 
to clump together. This clumping 
characteristic determines the inherent 
(natural) size of the grain in any film. 



201. Complete sentences about film grain size. 

High-speed (v«y sensitive N to ^ifkt) 
emulsions generally have a larger grain #ian 
slow-speed emulsions. The tehdency of.*a 
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SILVER THREAD REDUCED THROUGH 
DEVELOPMENT. 



Figure 1-2. Size of silver halides. 



particular film to produce a certain size of 
grain it called the inherent grain size. 

Although inherent grain size influences the 
graininest of the image, processing also has a 
great effect in the control of graininess. By 
special processing techniques, it is possible to 
prevent the silver grains from excessive 
dumping during processing. When the grain 
becomes apparent in the image, it is 
objectionable. 

When a print is made, it sometimes has a 
grainy appearance, especially in the large 
middle tone areas. This is caused by the 
granularity of the film being printed. Thus, 
the grain structure of the film influences the 
finul % product and therefore must be 
considered 

Remember, the faster the speed of the film, 
the more uneven is the distribution of large 
and small crystals of slver halide in the 
emulsion. The silver halid js, when developed, 
form little threads of metallic silver which 
reach out into the surrounding gelatin. It is 
*the overlapping of these silver threads that 
help give the appearance of clumping and 
gram. Figure 1*2 shows a comparison between 
a slow and fast film as if you were looking at 
them edgewise through an electronic 
"microscope. Notice how the evenly 
distributed silver halides in the slow emulsion 
db^ujtcast shadows on each other so readily 
at eaciTlevel; and since the clumping of grain 
is not apparent in the structure of this 
emulsion, it is called "fine grain*" 



Exercise (201): 



statements 



1. Complete the following 
regarding film grain. 

a. Grain size is determined to a large degree 

by the choice of and the 

type of 

b. ln a print, the grain will appear most 



prominently in the 
c. Fine grain films have 
speeds and yery 



film 



J5 



distribution of silver. 



If3 Sensitivity and Latitude' 

The many and varied applications of 
light-sensitive materials are due to the 
behavior^f the individual silver particles 
(silver halidfc crystals) that are suspended ini 
the emulsion.* The silver halides in negative 
materials are extremely sensitive to light, and 
they can store up the action of a very .small 
amount of light; 
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202. State selected definitions and factors, 
related to the sensitivity of film. 




Energy due to radiation is absortteft'in very 
small amounts. The amount of effective 
eneqjy varies directly with the frequency of I 
the light. The short wavelengths have the / 
highest frequencies, hence the shor<gj/ 
wavelengths are more energetic than longer 
wavelengths. The light-sensitive silver 
compounds absorb varying amounts of this 
energy within certain ranges. Therefore, the 
reaction of ^the emulsion to light energy 
absorbed varies with the freque&y. Since the 
•olors of visible light chang^with frequency 
Changes, the various emulsions* are named or 
• graded according to 1 tileir response to 
different colors of light. Some emulsions react 
to a wide range of wavelengths, whereas 
ythers are affected only by a narrow band of 
wavelengths. The reapSon, of the emulsion to 
different colors is termed color sensitivity. 

The normal sensitivity of a silver halide in 
an ordinarily prepared emulsion is limited to 
the ultraviolet^ violet, and blue wavelengths. 
All silver halides are insensitive to .green, 
yellow, and red. Consequently, the pure silver, 
halide emulsions are termed blue sensitive. 
Thgy reproduce colored objects in a different 
tonal brightness range than seen by the eye. 

The addition of photographic sensitizing 
dyes (cyanides) to ordinary silver halide 
emulsions has increased their sensitivity to 
approximately the same spectral region as 
that of the eye. Increasing the emulsion's 
sensitivity to light of longer wavelengths by 
dyeing (staining the silver halide crystals) is 
called optical sensitization. The increased 
sensitivity gained through the normal 
emulsion ripening process should not be 
confused with optical sensitization, since the 
latter is only the spectral sensitivity of the 
silver halides. Optically- sensitized emulsions 
are prepared by adding the . sensitizing dyes in 
solution to the ripened emulsion just prior to 
coating it onto the base. 

When tjie pure silver halide emul si on is 
exposed to long wavelength radiations, no 
energy is absorbed to any developable degree, 
and no change is induced in the silver halide 
crystals. The function o| the sensitizing dyes 
is to absorb the longer wavelengths and to 
transfer the effect to t6e silver halide. This 
produces the same action as direct absorption 
of light 

As a photographer, your primary interest in 
optically sensitized emulsiohs is in the added 
sensitivity beyond that of the unsensitized 
emulsion. This type of sensitization may be 
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. Figure 1-3. Color 

obtained over a wide range of the spectrum 
by adding mixtures of sensitizing dyes, each 
of which sensitizes strongly at different 
wavelengths. For some types of photography 
an emulsion having a high sensitivity to a 
narrow band of the spectral region is 
advantageous. For example, this type of 
sensitivity .is^ desirable for infrared 
photography. By using suitable dyes, modern 
emulsions can be rendered sensitive ' to all 
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sensitivity of film. 

wavelengths from the normal absorption 
bands of a silver halide, throughout the visible 
spectrum, and far into the infrared region. 
The different types of emulsions in use and 
their individual spectral sensitivity differences 
are discussed in the following sections of this 
chapter. 

The response of light-sensitive materials to 
the various radiant energy wavelengths is 
called spectral sensitivity or color sensitivity. 



Color * seruitivity is a very important 
characteriitic of negative materials. Since it 
determines to a large extent the tones in 
which colored objects are reproduced, it is 
most, important that you know the color 
sensitivity of various light-sensitive materials. 
Figure 1-3 graphically illustrates the 
sensitivity of black-and-white negative 
material to different wavelengths of light. • 

The nortnal human eye response to light, in 
terms of wavelengths, ranges from 
approximately 400 to 700 nanometers. That 
is, its sensitivity begins in the violet region 
and extends through blue, green, and red 
regions. However, the sensitivity of the eye is 
not the same fpr all yravelengths. Part A of 
figure 1-3 is a graphic curve that represepts 
the relative response of "the eye. It shows tnat 
the eye has maximum sensitivity in 
the blue-green and yellow-green portions of 
the curve. ' 

Compared to the eye, films may respond 
differently to light. Negative emulsions are 
classified into four general types according to 
the way in which they ronder color 
differences as brightness differences. These 
four classifications are: blue sensitive, 
orthochromatic (sensitive to blue and green), 
panchromatic (sensitive to all the visible 
colors), and infrared emulsions (sensitive to 
blue, red, and part of the longer Wavelengths 
beyond red). All silver halides, it should be 
recalled, are sensitive to ultraviolet radiation * 

Exercises (202): 

1. Why are shorter wavelengths of light more 
energetic? 



203. Define film latitude and identify it with 
particular fflm characterises. 

The ability of a film emulsion to record a 
range of subject brightness values (range of 
reflected lightirom the highlights through the 
shadows) is called film latitude. The range of 
brightness values in the scene that end up on a 
negative or a print as shades of gray may be 
very great, but if an emulsion is capable of 
rendering a long range of brightness values 
with satisfactory tone separation, it has wide 
latitude. Conversely, if an emulsion can 
produce only a short range of brightness 
values it has little latitude. These differences 
in film performance determine the film *s 
inherent latitude. 

Inherent latitude is often considered to be 
an exposure safety factor. The extent that the 
exposure can deviate from normal and still 
give you an acceptable image is known as 
exposure latitude. Exposure latitude is 
directly proportional to film latitude. If you 
have film with wide latitude, you have wide 
exposure latitude. In general, latitude in 
black-and-white films is related to film speed, 
with the faster speed films having greater 
latitude. Exposure latitude permits you, the 
photographer, to use several possible 
exposures and still render printable negatives. 
As long as the range of tones in the scene 
maintain their same relationship, your 
exposure is correct insofar as latitude is 
concerned. 

Exercises (203): 

1. Define film latitude. 



2. The reaction of the emulsion to light varies 
with what quality of light? 



3. All silver halides are sensitive to what 
wavelengths of light? 



4. Define optical sensitization. 



2. Exposure latitude is directly related" to 
-what factor? 



3. Latitude in black-and-white film is related 
to what film characteristic? 



5. What type of film has color sensitivity - ^ s P €ed 
similar to that of tiie human eye? Film speed is a term that is sometimes 

misunderstood. Simply stated, however, it 
/ - means that some films are affected by light 

* «~* 5 * - - .. * — 
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much more quickly than />thers. Film 
manufactt&ers have assigned a speed number 
to each film. The higher this number, the 
faster the film. The biggest advantage of 
knowing the film-speed number is thaf it 
allows you to make a comparison between the 
speed of one film and another! For example, 
if a film has a number double that of another, 
it means that it is twice as fast* Or stating the 
idea another way, it means that only half the 
^ amount of light is required to affect the faster 
film to the same degree. & 



204. Identify the organization: that 
establishes procedures for determining film 
speed and complete statements' that apply to 
film speed. 



Emulsion spteed is a photographic property 
of very practical importance to you because it 
has a direct bearing on the exposure required 
to produce a good image with photographic 
materials. To assist you, all exposure 
computation devices (whether they are 
exposure meters or exposure guides) are 
calibrated to the film-speed number system. 
The American National Standards Institute 
(ANSI) establishes procedures for determining 
the speed of sensitized m aterials so th at rating 
systems are standardized. The manufacturer's 
data sheet includes the speed rating expressed 
in" terms of ASA. On some types of roll film 
[ex. l2o roll film), the manufacturer may 
omit the data sheet and publish the exposure 
information on the film wrapping. 

The photographic film emulsion is made up 
of a combination of silver halides and gelatin. 
These silver halide grains are of varying 
sensitivity. Some of the grains are highly 
sensitive, while others are less sensitive to 
light. In a high-speed film, the emulsion 
coating contains a larger proportion of the 
most sensitive grains. In a low-speed film, the 
larger proportion of silver halide grains would 
r be those of less sensitivity. If a given area on a 

piece of film is exposed to light for a very 
short time, only the more sensitive grains are 
exposed, and the area is .pale gray after 
development. If this is a fast film, it includes 
more of the sensitive grains, and the result is a 
darker shade of gray after development. 
Therefore, with a given amount of light and 
the same development, the fester film always 
• produces a darker shade of gray (greater 
density) than the slower film, since a greater 
percentage of silver halides have been exposed 
- and developed. 

-ERIC • ; 



< The practical application of a film-speed 
number is rather simple. Let us assume that 
you have been using a particular film for a 
considerable length of time. Through your 
experience in taking photographs with this 
film, you have found that when 
photographing a brilliant subject under 
daylight lighting conditions, the correct 
exposure has been 1/125 of a second at f/16. 
This film has been rated at a speed of 125. 
Now suppose under the same circumstances 
you are using a film with a speed of 250. 
What does this mean to you? It simply means 
that the new film is twice as sensitive to light 
as the old one. To compensate for this in- 
creased sensitivity, you could adjust either or 
both the camera's shutter speed or diaphrag^ 
to make the necessary correction. The new 
exposure for this film could be 1/125 at f/22, 
1/250 at f/16, or 1/500 at f/11. 

The recommended film speed published by 
the manufacturer is usually computed for 
average conditions. You should, however, 
adjust the number according to your 
particular working methods and equipment. 
This is particularly true when you 
consistently get overexposed or underexposed 
negatives. * 

You should choose your mission film with 
its speed in mind. Generally speaking, you 
should choose the slowest speed film that will 
accomplish the' mission objective. The slower 
speed film gives you comparatively better 
grain and resolving power (sharpness). Range 
of f /stops and shutter speeds (i.e., exposure) 
available under the scene's lighting conditions 
also dictates your film speed choice. For 
example, a portrait is normally shot with a 
wide aperture to reduce depth of field (area 
oi sharpness). Choosing a fast film for an 
outdoor portrait on a sunny day would limit 
you to fast shutter speeds and small apertures. 
Conversely, under low light conditions where 
wide exposure latitude is needed, or on an 
airborne mission where fast shutter speeds are 
desire^, a high-speed film is ideal. 

Exercises (204): 

1. Identify the organization that establishes 
procedures for determining film speed. 



2. Complete the following statements in 
regard to film speed. 

a. Knowing your film speed number is 
. essential in calculating your 
photographic . % c 




b. A film with an ASA of 400 is twice as 
sensitive to light as one having a rating of - 

c. Given the same exposure and 
development, the faster speed film 
produces the greater . 

d. As a general rule, you should choose the 

speed film that will 

accomplish the mission. 

e. In sunny conditions, a . 

speed film gives you a wider choice of 
apertures and shutter speeds. 



1*5. Contrast 

A major factor in selecting a film is the 
inherent contrast of the emulsion. Together 
with development and subject lighting, 
inherent or built-in film contrast is one of the 
most important contrast determining factors. * 
Photographic emulsions, in varying degrees of 
contrast-producing capability from very low 
to very high, are available. Your choice of 
emulsion is influenced by the nature of the 
subject and by whether it is considered 
desirable to decrease, maintain, or enharifee 
contrast. It is, therefore, important to choose 
your film with its inherent contrast iff mind. 

205. Define film contrast and state selected 
factors and characteristics related to it. 



Density can be referred to as the amount of 
metallic silver that has been exposed and 
- processed in any area of the emulsion. The 
difference between the high and low densities 
of the various areas of the emulsion is called 
contrast. A bright area of the subject reflects 
a great amount of light, causing a 
correspondingly heavy density in the negative, 
called- a highlight. A dark area reflects little 
light, resulting in^ a correspondingly thin 
density, called a shadow, in the negative. 

The subject brightness between these light 
and dark areas also registers as various 
densities r of middle tones. The difference in 
brightness, from the highlights to the 
shadows, is called conirast* Normal contrast is 
represented by a full range of densities, 
including highlights, middle tones, and 
shadows* High contrast does not havje a full 
range of densities and consists primarily of 
highlights and shadows with little or no 



middle tones. Low contrast has very little 
density differences. 

Emulsions are manufactured with varying 
degrees o^ inherent contrast. High contrast 
(process) film is used to record high contrast 
black-and-white subjects, as when copying 
line drawings. Medium and low-contrast films 
are used to record a longer «range of tortes 
such as might be found in a portrait. 
Therefore, the selection of the film should be 
governed by the contrast of the subject and 
the rendition desired. 

The inherent contrast of an emulsion is the 
possible difference between the maximum 
and minimum densities of the silver deposit 
formed with a minimum variation in exposure 
intensities. Usually, the emulsions which have 
the slowest speed have the highest inherent 
contrast. The reason for this is that the slow 
film has smaller and more uniform silver 
hadide crystals which respond more slowly to 
light of low intensities in relation to light of 
high intensities. The fast films have larger 
crystals due to the ripening during 
manufacture. These films respond to lower 
intensities of light much more rapidly in 
relation to the higher intensities than the 
slower films. TJiis tends to flatten out or 
lower the contrast of faster films. 

Contrast of the final result can be 
influenced m by many other factors. 
Development has a definite effect. In general, 
the greater the development the greater the 
contrast. -The lighting # conditions of the 
original scene and the reflectance values of 
the subject determine the contrast of the 
scene you Sore shooting. Therefore, it is very 
important to match the film and developer 
combination to the scene in terms of the final 
result that you want to achieve on your 
negatives. 



Exercises (205): 

1. Define contrast in terms of density. 



2. In terms of density, state what is a normal 
contrast negative. 



3. Identify what speed of film would have the 
higher inherent contrast. 
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Figure 1-4. Examples of line resolution for typical emulsions. 



4. State the effect that development has on 
contrast. 



1-6. Resolving Power 

The term resolving power is used to 
describe the inherent property of an emulsion 
to resolve (reproduce) fine detail in the image. 
Resolving power is often expressed -as the 
number of lines-per-millimeter (a millimeter is 
approximately 1/25 of an inch) that can be 
individually/ distinguished in the photographic 
image. Hence, the smaller the distance 
between the individual lines, the higher the 
resolving power. Or*, the. more lines per 
millimeter, the greater therresolving power as 
shown in figure 1-4. 

206. Complete statements about resolving 
poweir. 



Resolving power can be compared with 
several other characteristics of any film, as" 



shown in figure 1*5. It is affected by so many 
factors that no one factor can be stated as the 
determining one except when ■ particular 
conditions are stated. As with grain, to make 
high-quality enlargements from your 
negatives, you should select a film with high 
resplving power. 

Effect of Exposure. The effect of exposure 
on resolution is significant. Resolution 
declines appreciably with overexposure or 
underexposure. Emulsions, designed 
specifically to produce maximum resolving 
power may have an optimum density quite 
different from the optigmm density for 
normal films. Therefore, even though a film is 
capable of resolving a large number of lines 
per millimeter, this is not necessarily an 
indication of what image quality the film will 
produce under actual, normal operating 
conditions where subject contrast, processing, 
and exposure cannot always be .at the 
optimum level for maximum resolution. 

The resolution capacity of films is 
constantly being improved. Usually, the very . 
high resolution materials have extremely slow 
speed and very high contrast, which, as you 
recall, is characteristic of all the ultrafine 
grain emulsions. Fine grain is one of the prime 
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factois in high resolution emulsions. Apother 
important factor is correct processing. As you 
canunderstand, the choice of a particular film 
for a mission involves compromises between 
speed, grain, contrast, latitude, and resolving 
power. \ 



Exercise (206): 



1. Complete the following statements 
concerning resolving power. 

a. Resolving power us affected by 
photographic factor(s). 

b. Over or under i will cause 

resolution to decline. 

c. Normally, film having very slow 
and \ contrast 

has the best resolving pbwer. 

\ 

1-7. Storage and Preservation 

i 

Both the emulsion and th^ base of film are 
designed to be stored arid used under 
specified conditions and ^within certain 
tolerances. Because of this, proper handling 
< and storage conditions must t|e maintained if 
you expect good photographic results. If you 
use a film that was stored in a Cabinet ne*t to 
a heater, chances are good that the emulsion 
is fogged, Using fogged film daes not enhance 
image quality. Not only is your photograph 
unusable, but^lhg entire supply. ofjfilniis also 
ruined. The result is costly to the 
Government. The less of ^valuable and 
sometimes irreplaceable information on the 
negative cannot be condoned.! Let's discuss 
the effect of temperature in more detail and 
also consider other* problems arising from 
poor storage and use of film. 

207. Complete * statements regarding film, 
storage. \ 

Effects of, Low Temperatuie., At low 
temperature, film becomes somewhat brittle 
and stiff, and emulsion cracks' occur. This is 
especially true when film must be^rolled from 
a 35mm cartridge and rerolled d 5 n,a takeug 
spool. Normal moisture content £n the film 
helps reduce problems. With care, film used at 
temperatures as low as minus {50° F has 
produced acceptable results. Shrinkage and 
excessive curl' may cause some problems, 
depending on the particular equipment used. 

i 

* 



Cold also increases"*!^ dan'ger of abrasions 
>and static electricity makings. 

If you have tak6n high school chemistry, 
you may remember thit cold slows down 
chemical processes. The Reaction of film to 
the exposing (and developing) process is no 
exception. Film speed is reduced by cold. As 
an example, at one time the Air Force 
conducted tests that showed that a film with 
a speed of 100 at normal temperatures 
dropped to a speed of 12 at minus 50° F. A 
drop in film speed due to low temperature is 
best determined for a specific emulsion by^ 
trial and error as the occasion arises. 

Effects of High Temperature. The primary 
consideration in protection of film from high 
temperature is proper care— not during 
immediate use, but rather- while it is in 
storage. For short periods, normal room or 
outdoor temperatures are generally 
satisfactory. However, for extended storage 
periods, lower temperatures are advised. 
Storage at 65° F is adequate for y conventional 
materials when there is a reasonably rapid 
turnover of stock. A moderately high 
temperature for a short time is not 
particularly destructive to film, but extended 
storage at high temperature does cause an 
overall fog. A factor in short or long storage 
periods, equally or more important than 
temperature, is humidity coupled with 
temperature changes. 

We have mentioned previously that film 
speed drops at lower temperatures. The 
opposite is usually true as temperature rises. 
You " should note that temperature (and 
humidity)" changes do tiot affect all film 
emulsions in the same manner or to the same 
degree. Also, any speed (density) or contrast 
increase is effective only ^to a certain 
temperature and time duration. As 
temperature, time, or both, pass a certain 
point, the increase intensity and contrast are 
masked by an increase in fog. 

Storage conditions to be avoided for even 
short periods m of time include hot, 
unventilated storage rooms or lockers, 
automobile glove compartments or trunks, 
and any other abnormally hot areas. Direct 
rays of the sun or high intensity lamps must 
also be avoided. It is only too easy to lay a 
film holder on top of a camera case, window 
ledge, or similar surface exposed to direct 
sunlight. Since the holders are black, they 
rapidly reach extreme temperature. 

Humidity. The moisture content of the air 
is very closely related to temperature. If 
humidity and temperature are both improper, 
even a short storage period can cause 
i pronounced image degradation. High 



temperature and excessive humidity in 
combination is common and may cause fog, 
provide an opportunity for growing fungus, 
"pipduce f transparent spots, etc. Excessive 
humidity plus temperature fluctuation cause 
condensation of moisture. If moisture 
condenses on film, it causes many 
complications. f 
It is usually recommended that film be 
used and stored at never more than 
60-percent relative humidity. On the' other 
hand, a very low humidity and low 
temperature causes film to become dry and 
brittle and curl up. Most film is packaged by 
^ the manufacturer at 50-percent relative hu- 
midity. In general, humidity during storage is 
not a problem as long as the package seal is 
unbroken. 

We have mentioned *that film should be 
stored at low temperature and at about 
50-percent relative humidity. But, before 
using it, you mu$t allow the film to comfe to 
room temperature in its unopened package. 
This allows the film and its wrapping to come 
into equilibrium with the surrounding 
atmosphere an4 temperature of the room. 
This precaution prevents moisture 
condensation on the film. 

Static Electricity., When . one material, 
either positively or negatively charged, comes 
close to or contacts another material having 
an 9 opposite charge, there is an electron 
transfer-a spark. This is static electricity, and 
it is especially bad under low humidity 
conditions. You may have, at times, shuffled 
across a carpet, then reached for a doorknob 
and shot a spark from your fingertips to the 
metal. Such a spark close to a sheet of 
undeveloped film can expose the film. The 
exposure looks much like the image or a 
streak of lightning. 

Static electricity is caused by friction or by 
contact and rapid separation of materials. The 
best protection against it is to handle the film 
properly under conditions that minimize 
static electricity generation. All equipment 
should be grounded and any film movements 
(removal from holders, respooling, etc.) 
should be slowed down to minimize static 
generation. Additionally, if your laboratory 
area is quite dry, it may be desirable to 
humidify the air to about 40* or 50-percent 
relative humidity to reduce generation of 
static electricity. Fifty-percent humidity is 
desirable, even *if static electricity has not 
been a problem. 

Latent Image Keeping. Certain problems 
arise concerning the length of time that the 
latent image can be retained. It is often 



impractical to develop a piece of film 
immediately after exposure. Therefore, the 
latent image must be retained for at least a 
reasonable time. A sheet of film after 
exposure still contains the silver halides that 
werfe not used during production of the latent 
wimage. Thus, the film must be protected 
^against any further action of light before 
development and fixation. , 

Storage in a holder or cartridge is usually 
adequate if the container is light tight; 
however, do not store under bright light 
which may eventually produce fog. Even if 
the container is light tight, bright sources of 
light generate harmful heat. 

Earlier, we mentioned humidity during 
storage of unexposed film. It is equally 
important here. Generally, the ideal storage of r 
exposed film is the same as for storage of 
unexposed film. As a guide, tests have shown 
that a latent image can safely withstand a 
temperature of 75° F. and a relative humidity 
of 60 percent for about 3 days before any 
effect is noticeable. 

Abrasions. Markings are caused by film 
rubbing against another surface. The minute 
markings can eventually accumulate to the 
point where a negative is of no value: To see 
the effect of abrasions, look at slides, or 
motion pictures that have been projected 
many times. The obvious prevention is to 
avoid subjecting film to needless handling and 
friction, whether the film is processed or 
unprocessed. Also, since dust particles are 
abrasive, keep the film and surroundings as 
clean as possible. Exposed film unloaded from 
holders and laid on a dusty table provides a 
quick and easy method of generating 
abrasions, especially if you slide the film 
while it is in contact with the table. 

Glass Plates. Many' specialized areas of 
photography use emulsions coated on glass 
plates. Plates are used ^vhen an exceptionally 
stable support is needed, such as in the fields 
of astronomy, missile tracking, and map 
construction. Glass plates are optically flat 
and quite stable during thermal changes. 
Humidity has little effect, except to swell or 
contract the emulsion in a vertical direction. 

Because of their physical properties, glass 
plates are difficult to store and handle. The 
problem of breakage is always present. Also, 
because of their bulk, they must be 
conditioned to their surroundings for a 
greater length of time before use. A single 
plate can be tray -processed, but a special cage 
must be used \o hold the plates during tank 
processing, " 
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Exercise (207): 

1, Complete the following statements related 
to the storage of film. 

a. At lovfr temperature a film'i emulsion ■ 
may . 

b. In the cold, film speed is ^ . 

c. Continuously storing film at high 
temperatures may cause . 

d. Film should not be stored in conditions > 
that exceed humidity. 

e. Prior to using film that has been stored, 
you should allow it to come 

► to room temperature. 

f. Static electricity is more likely under 
conditions of humidity. 

g. A latent image should be protected from 
that could cause fog. 

h. Friction from improper handling of film 
can cause 

i. Glass plates must be carefully htrfaied 
because they are subject to 

( 

1-8. Orthochromatic Film 

Eventually , dyes were added to 
blue-sensitive emjulsions to make the silver 
halides sensitive to green light as well as to 
blue light. This film was named 
orthochromatic (true color) because it was 
felt that the ultimate in color sensitivity had 
been reached. The term was incorrectly 
applied, however, since the emulsion is not 
sensitive to red and, therefore, does not 
reproduce red in its correct shade of gray. 

208. State the color sensitivity of 
orthochromatic film and explain why this 
limits its use. 



Ortho films, as they are often called, are 
made in several speeds and variations in the 
amount* of their color sensitivity. They are 
excellent for many uses, provided that their 
incorrect rendition of the color red is taken 
into consideration when the scene is being 
photographed. Since tfcey are not sensitive to 
the color red, red light doefc not {for practical 
purposes) make a latent image on the film. 
Therefore, after processing, red objects are 
relatively transparent on the negative and 
darker than normal on the print. As £n 
example, ortho film is good for a portrait of a 
man. But, you would not use it to photograph 
a woman who is wearing makeup. If you did, 
the light reflected from her red lipstick would 
not expose the film and her lips would look 



much too dark (almost black) on the print. 
Presently the Air Force orthochromatic film 
is mainly used in copy work. 



Exercise (208): 

1. State the color Sensitivity of 
orthochromatic film and explain why this 
limits its use. 



1-9. Panchromatic Film 

After dyes which could sensitize ah 
emulsion to the green wavelengths of light 
(orthochromatic) were developed, researchers 
developed dyes which could sensitize silver 
halides to even longer wavelengths. This 
enabled the manufacturers to produce 
panchrdmatic emulsion^ that were sensitive to 
blue, green, and red light. Film sensitivity was 
extended to light which had wavelengths near 
700 nanometers. The first panchromatic film 
came closer to approximating the sensitivity 
of -the human eye than either the blue 
sensitive or orthochromatic emulsions. 

209. Given a list of photographic 
characteristics, identify those that apply to 
panchromatic film. 

Through further research, two additional 
and distinctly different types of panchromatic 
emulsions were made. Panchromatic 
emulsions are classified as types A, B, and C. 
The original panchromatic emulsion, type A, 
has limited green sensitivity, and for this 
reason is not very popular today.' Most of the 
current panchromatic emulsions are types B 
and C. Type C has considerably greater red 
sensitivity than type B. The sensitivity of type 
B film closely compares with the sensitivity of 
the eye. \ 

Why is a panchromatic film desirable? 
Several factors are involved. For one thing, 
the red sensitivity of the emulsion tends to 
make the emulsion more sensitive to light 
and, therefore, prom6t& increased emulsion 
speeds. Red sensitivity is also important in 
trying to achieve orthochromatic rendition. 
(Orthochromatic rendition i? rendering the 
scene in terms of gray tones in the same 
manner as the eye sees the scene.) Many 
panchromatic emulsions have the capability 
of recording fine detail and of producing good 



contrast. For these reasons, panchromatic 
film has become the standard black-and-white 
film for almost all missions. 



Exercise (209): 

1. Prom the following list, identify which 
characteristics apply to panchromatic film, 
a. Sensitive only to blue light. 

1 b. Poor tonal separation. 

c. Sensitive to red light. 

d. May be used to achieve orthochromatic 
rendition.' 

e. Type A film is very sensitive to green 
light. 

f. Type C film is very sensitive to red light. 



1-10. Polaroid 

Photographers sometimes use Polaroid film 
to produce photographs when there is 
insufficient time for conventional processing 
methods, as in police wor,lfc*&s a training aid, 
Polaroid film provides a means for learning 
many photographic principles without the 
delay required for normal film processing and 
printing. Polaroid, which can produce a 
positive image within a matter of seconds, is 
also ideal for checking lighting or composition 
prior to using conventional film. 

210. Identify the characteristics of different 
types of Polaroid films with their appropriate 
identifying numbers. 

The Polaroid system is a specialized silver 
halide process. The outstanding feature of this 
system is that a finished print is available to 
the photographer in a matter of seconds after 
exposure, since the entire process can be 
carried out in the camera (or outside in some 
later models.) The positive image is developed 
by diffusion transfer which causes the latent 
image to be physically developed in a 
chemistry containing a silver halide Solvent 
(hypo). In the Polaroid system, the exposed 
negative is developed in a high viscosity 
monobath solution. This solution is 
sandwiched between the exposed negative and 
the non-light sensitive positive transfer sheet. 
After a suitable developing time has elapsed, 
the two sheets are separated, and the positive 
image is contained in the transfer sheet. 

Polaroid makes available a variety of film 
for different purposes including copy work 
and infrared recording. The following is a 
description of the more common types you 
may be using. N 

Types 42 and 52. Both of these films have 
medium speed, good tonal r&iges,. fine grain 
and medium contrast Type 42 is a roll film 



producing a 314" x 4V4" image size with an 
,ASA speed of 200. Type 52 comes in single 
exposure packets producing a 4" x 5" image 
size with an ASA of 400. Development time 
for both films is 15 seconds at 75° F. 

Types 105 and 55 P/N. Type 105 is a ZVa" 
x 4*/< ' eight-sheet pack film with an ASA of 
75. It produces medium contrast fine grain 
prints and a usable negative that can be used 
for normal print production. 55 P/N has the 
same capability but in single 4" x 5" exposure 
packets with an ASA of 50. 

Types 47, 57, and 107. Type' 47 is a roll 
film with an image area of 3 l A ' x 4 l A". Type 
57 is a 4" x 5" single exposure packet film. 
Type 107 comes in 3 l A" x 4 1 /*" film packs. All 
three of these panchromatic film types have 
an ASA of 3000 which makes £hem ideal for 
photography of high-speed events, many 
scientific applications, and general 
photography. As with conventional materials 
having high speed, resolution on the paper 
positive is low compared to slower films. 

Exercise (210): 

1. Match the Polaroid film types listed in 
coiumn A with the appropriate description 
listed in column B. 



Column A 

1. Type 42. 

2. Type 52. 

3. Type 105/ 

4. Type 47. 
5 Type 57. 
6. Type 107. 



Column B 

a. ASA 3Q00 pack film" H * 

b. Film has an ASA of 50 
and produces both a 
positive and useful nega- 
tive. 

c. Roll film with an ASA 
of 200. 

d. Roll film wjth an ASA 
of 3000. 

e. Pack film that produces 
a negative and a posi- 
tive, j 

f. Single exposure pack 
film with an ASA of 
3000. 

g. Pack film with an ASA 
of 400.» 

Single exposure packet 
film with an ASA of 
400. f 7\ 
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Figure 1-6, Sensitivity of infrared emulsion* 
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1-11. Infrared Film 

Infrared film is sensitive to the infrared 
(generally in the region of 700 to 900 
nanometers in wavetength) portion "of the 
electromagnetic spectrum which we consider 
as being invisible .radiation. Even though 
infrared is not visible to the human eye, this 
film can "sed* it; consequently, an exposure 
can be made. 



211. Complete statements about the 
characteristics of infrared film and procedures 
for its use. 



In addition to the infrared sensitivity, the 
film is also sensitive to some ultraviolet and 
visible blue light. Because of the blue 
sensitivity, a filter must be used over the lens 
to absorb the blue light in order to obtain the 
proper infrared effect. Generally speaking, 
any deep red filter can be used; however, it is 
advisable to follow the manufacturer's recom- 
mendations. Figure 1-6 shows the sensitivity 
of infrared emulsions. 

Infrared film has many applications in 
conventional, as well a$ aerial and scientific 
photography. In situations where sharp 
definition and contrast differentiation for 
distant objects are required, infrared film has 
definite advantages. The use of a 
panchromatic film in combination with a red 
filter provides good haze penetration where 
distant objects would otherwise be obscured" 
Although this haze penetration is goopi, the 
use of infrared film giv§s even greater haze 
penetration. ^ 4 

Since the 'infrared radiation has long 
wavelengths^ it will not focus in the same 
.plane as visible light. Because of this, it is 
necessary £p refocus the fens. The lens-to-film 
distance must 1 '! be slightly increased. Many 



newer cameras are equipped with an index 
mark to show the infrared focus pointr4f4his— , 
point is not marked, it is advisable to use a 
small diaphragm opening to obtain as much 
depth of focus as possible. 

One of the features of an exposure taken 
outdoors on infrared film is the peculiar 
effect in t|ie areas of natural vegetation. 
Normally, it would seem as though green 
subjects would produce very little exposure. 
This is true where the objects are colored 
green. Natural foliage that contains 
chlorophyl, however, causes a heavy 
exposure. The foliage, therefore, appears very 
white on a print. Infrared photography is used 
extensively- by conservationists to identify 
diseased trees and plants. Compare the 
difference between figure 1-7A, a print made 
from an infrared negative, and figure 1-7B, 
which was made from a panchromatic 
negative. 

Crime labs use infrared photography to 
detect forgeries and erasures, to decipher 
charred documents, and to distinguish 
between various dyes, etc. ' In addition, 
infrared film is useful in medical photography 
and other scientific and technical applications 
where infrared radiations are to be recorded. 



Exercise'(211): 

1. Complete the following statements related 
to the characteristics of infrared film. 

a. When using infrared film, a filter 

should be used. 

b. Infrared film gives better" 

penetration than panchromatic film. 

c. To insure proper focusing, the 

lens-to-film distance must be 

when using infrared film. 

d. Natural living foliage will produce a 
exposure on infrared film. 
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A PROPERLY EXPOSED negative is the 
starting point of the photographic process. If 
you don't expose Tor it, there will be no 
image on the negative. Therefore, in this 
chapter we discuss basic exposure theory, the 
scene brightness range, reciprocity effects, the 
problem of haze, and the use of data guide 
charts, meters, and gray cards. The continued 
study of these various elements will help you 
gain confidence in this njost important 
photographic step. 



2-1. Exposure Factors 

A photographic exposure is the controlled 
application of image forming light to a 
light-sensitive material. This exposure puts the 
photographic process in motion to produce 
the desired end product. You must correctly 
expose the material if you want to form an 
image, having proper ; density and adequate 
detail. 

212. State the basic exposure formula and 
describe each exposure factor. 

The term "exposure" meaps the amount of 
light which is permitted to act upon a 
photographic emulsion. A^ light of high 
intensity may be permitted to act for a short 
time, or one of lesser intensity for a greater 
time; yet both exposures produce the same 
photographic effect on film. The exposure 
formula, which applies to most practical work 
is: Exposure = Intensity X Time. Intensity, in 
this case, refers to the brightness of the light 
striking the film and depends on the lens 
setting (aperture) in conjunction with the 
light reflected from the subject. Time is the 
interval during which the shutter permits the 
light to reach the film. 

NOTE: Aperture settings and shutter speed 
selection are functions of camera operation 



which will be explained in greater detail in 
subsequeht sections. For the time being, 
consider the aperture as a "hole" inside the 
lens that permits image forming light to pass 
to the film. The 'size ofHhe aperture can be 
controlled hy a diaphragm and the size is 
indicated by an f/stop (ex. f/8). The shutter is 
a mechanical or electronic device which acts 
as a curtain in front of the diaphragm or in 
.front of the film. In either case, it controls 
the amount of time that light is permitted to 
strike the film. 

Let's demonstrate the exposure formula by 
exposing three sheets of film of the same 
scene. For example, expose the first at 1/125 
second at f/H, another sheet at 1/60 at f/16, 
and a third at 1/250 at f/8. Develop all three 
sheets exactly alike. All the negatives will 
have the same density since they haye all had 
the same amount df exposure. In this 
demonstration, the exposure has remained 
constant while both intensity and time have 
been varied. For example, when the intensity 
^was reduced by one half by going from f/11 
to f/16," then the time was doubled by going 
from 1/125 to 1/60 to keep the total 1 
exposure equivalent. 

If three exposures, however, are made with 
the intensity remaining constant at f/11 while 
the time is varied by 1/1^25, 1/60, and l/3p of 
a second, the Negatives vary considerably in 
density. In these cases the exposure does not 
remain constant, since 1/60 allows two times 
and 1/30 four times as much exposure as 
1/125. The same principle ^applies if the 
shutter speed remained at 1/125 and the lens 
aperture was changed each time from f/11 to 
f/16, and then f/8. The negatives again would 
vary in density because f/16 would allow in 
half as much and f/8 would would double the 
amount of light as compared to f/11. : 

Exercises (212)^ 

1. State the formula for determining 
exposure. 
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2. Describe each factor and give its a era 
control. 



213. Define m film speed, state the 
interrelationship of apertures and shutter 
speeds, and select equivalent exposures from 
various combinations of shutter sp*ds and 
apertures/ , 

Film Speed. Film has been mentioned 
several times in our discussion of. factors 
governing exposures. Chapter 1 of this volume 
'explained the sensitivity of various types of 
films to various wavelengths of light and 
general degrees of sensitivity and speed rating 
of negative materials in order to calculate the 
correct exposure required to produce * given 
density on the film. 

The major American, European, and 
Japanese manufacturers have adopted a single, 
unified system of rating film speed? known 35 
the American Standards Associatioi^^ ; 4f 
system. (The present name of the -.gpfying^ 
organization, is the American National 
Standards Institute (ANSI). However, since 
film* manufacturers are still using the ASA 
identifier for film speed, we will do the same 
in our discussion.) 

With this method of calculating film speed, 
a speed number is assigned, and its rating has 
the same value as far as exposure is concerned 
regardless of who manufactures the film. The 
film speed Is Indicate? by a numerical rating 
(64, 125, 400, etc), which has beefa 
determined through testing. A film with a 
speed rating of 250 is twice as fast (sensitive 
to light) as one with a rating of 125; that is, it 
requires only half as much exposure to 
produce the same amount of density, all other 
factors remaining the same. 

The speed number indicated on each 
\ package of film is intended to be used with 
' exposure meters* or any other aid in 
calculating, exposure. This speed number 
greatly ' simplifies your problem when 
changing from one brand of film to another. 
<v Equivalent Exposure. The combination of 
\ the shutter speed' and the aperture setting 
\determines the amount of light that is 
\xposirig the film. While there are certain 
circumstances ' that limit the choice' of 
aperture shutter combinations, under most 
conditions there are many shutter speed 
aperture settings that will produce equal 



amounts 'of exposure, Settings that give equal 
amounts of. exposure are called equivalent 
exposure settings. Remember that a correct 
exposure results from a combination of 
. shutter speed and aperture settings. Now, let's 
see how each one of these factors functions to 
control the action of light. * 
Shutters. Most shutters have a range of 
instantaneous speed settings, in addition to 
settings for time (T) and bulb (B). The tiMe 
-setting, is used for extremely long exposures, 
somefi^ies "hours in duration. The shutter is 
tripped to begin the exposure and then 
rotated to close the shutter when the desired 
exposure interval has lapsed. The bulb setting 
is usually used for times that are slightly 
longer than the instantaneous settings (i.e., 2 
seconds to several minutes). The- shutter 
remains open only as long as the shutter 
release is depressed—usually with the aid of a 
cable release. Releasing the release closes the 
shutter. 

The instantaneous settings generally mean 
exposures lasting for a fraction of a second. 
These shutter speeds normally range from 1 
second to 1/1*000 of a second or less. For 
example, setting the shutter speed indicator at 
60 means that the shutter will be open for 
1/60 of a second after the shutter release has 
been tripped. The number 4' means that the 
shutter would be open for 1/4 of a second, 
*etc- 

Each shutter speed is increased 
(approximately) by a factor of 2. This means 
that the next fastest shutter speed reduces the 
exposure time by one;half and the next 

.slowest shutter speed doubles the exposure 
time. For example,/ moving from a shutter 
speed of 1/60 of a second to 1/125 of a 
second reduces the exposure time by one-half, 
but going from a shutter speed of 1/125 to 
1/60 second doubles the exposure time. 
, Apertures or F/Stops- Intensity is 
controlled by a series of interlocking leaves 
(iris diaphragm) which are adjustable so that 
you may "increase* or decrease the opening 
through which light passes to strike the film. 
The f/stops are numbers marked on the 
diaphragm ring to indicate the various 
apertures. When the aperture diaphragm is 
moved to the smallest number (f/1.4, for 
example) the iris diaphragm is wide open and 
admits the maximum amount of light.- As.the 
numbers increase (2, 2.8, 4, etc) the size of 
the aperture becomes smaller, reducing the 
amount of light entering the camera. 

Lens manufacturers have standardized 
f/stop scales starting with f /I and progressing 
by the square root of 2 through the various 

✓ full f/stops. An important advantage of this 



system is that each higher numbered f/stop 
/reduces t the intensity of the light striking the 
film by one-half. The term full f/stop is 
applied to the following f/stops: f/1, f/1.4, 
f/2, f/2.8, f/4, f/5.6, f /8, f/11, f/16, f/22, and 
f/32. The term lens speed refers to the largest 
aperture (i.e., the smallest f/number) of the 
lens. 

The phrase "closing down a stop" means 
moving from one full f/stop to the next larger 
number, such as from f/11 to f/16. Doing this 
reduces the light intensity by one-half. 
Opening up one stop produces the opposite 
result. In this case, as you move from a larger 
number to the next smaller number (f/16 to 
f/11), the light intensity doubles. 

Since both aperture and shutter speed 
settings can control exposure, it is possible to 
alter exposure by changing either, the aperture 
or the shutter speed setting. As an example, if 
you want to double the amount of exposure 
for a certain film, you can open up the leris 
one f/stop or you can double the exposure 
time by moving to the next smaller number. 

The term "close down one stop" is also a 
short-hand way of saying, "Reduce your 
exposure by one-half. " This reduction can be 
accomplished by doubling your shutter speed 
or using the next smaller lens aperture. 
Sometimes it may be to your advantage to 
change one rather than the other. For 
example, let's assume that you* are 
photographing a subject that requires a 
certam depth of field. In this case you would 
• adjifst the shutter to provide the necessary 
exposure* as depth of field is controlled in 
part by the aperture closing. The choice, of 
course, is up to you and is part of your 
control over tfie quality of the final 
photographic product. 



Exercises (213): 
1. Define film speed. 



2. State how a combination of aperture 
setting and shutter speed controls 
exposure. 



3. Solve the following problems by selecting 
the correct equivalent exposure. 



a. 1/60 at f/8 is equal to: 1/25 at f/11 

1/30 at f/16 
1/250 at f/4 

b. 1/250 at f/5.6 is equaLto: 1/125 at f/2.8 

. / ( 1/500 at f/8 
V J 1/60 at f/11 

c. 1/30 at f/11 is eqWto: 1/125 at f/8 

4 l/6aatf/l€ 
1/250 at f/4 



214. Define scene brightness range and 
briefly explain why the scene brightness range 
affects the information that is recorded on 
the film. 

Scene Brightness Range. When you view a 
typical scene, your eyes respond to the color 
of light reflected by each part of the subject 
Your camera lens focuses this light upon the 
film and forms an image in natural color. 
However, black-and-white photographic films 
can only reproduce these colors in various 
shades of gray. The density of these various 
shades depends on the brightness of the 
reflectance of each subject color and .the color 
sensitivity of the film. The relative difference 
between the brightest areas (highlights) and 
the darkest areas (shadows) is termed the 
scene brightness range (SBR). 

Typical photographic scenes may have 
scene brightness ranges from 1.2 to well over 
1:500. This is to say that, by comparison, a 
shadow is 1/2 to 1/500 as bright as the 
highlight in the scene. Common film 
emulsions are capable of recording all of the 
extremely low scene brightness ranges, but 
few can record very high ratios of shadow to 
highlight brightness. The problem is 
compounded by typical printing paper 
emulsions which can only record tone 
differences of 1 :30 or less. 

'Most films are properly exposed when the 
brightest highlight creates the greatest 
practical image density. This practical 
maximum occurs when 128 times the 
minimum amount of light strikes the average 
black-and-white film. At this point, we can 
say that the range of the particular film is 
l-to»128. Any object reflecting more than 
128 times the minimum amount of light will 
end up as a washed-out highlight. 

When an original scene contains a greater 
brightness range than the film can capture 
(for instance, a scene brightness range of 1 to 
600), you can photograph any slice of the 
scene that contains a l-to-128 ratio of light 
units. You can photograph 2 to 256 light 
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units or 4 to 512 units; any ratio that recces 
to 1 to 128, Remember that any areas that 
reflect less light than our low point will result 
in a clear negative, and areas above our high 
point, will result in a "blocked up" area of 
the negative. 

Exercises (214): 

1. Define scene brightness range. 

2. Briefly explain why the scene brightness 
range affects what information will be 
recorded on the film. 



215. Briefly explain the law of reciprocity, 
the conditions under which there is l&ely to 
be a failure of reciprocity, and the effect of 
reciprocity failure. 



Reciprocity Law. Earlier; we defined 
exposure as the product of the intensity of 
the light reaching the" sensitized material and 
the time of exposure: E = I X T. The amount 
of photographic chemical reaction or silver 
image density is dependent upon the exposure 
received by the film or paper. This equation is 
also known as the reciprocity law. 

Applying the law of reciprocity, if no other 
factors were involved, you should expect the 
same density to be produced on two samples 
of sensitized materials having the same speed 
(assuming equal development), even though 
one sheet of the material is exposed to 500 
'units of light for 1 second and the other to 1 
unit of light for' 500 seconds. The product of 
the light intensity and the time of the light 
action is the same for each exposure. 

Let's take another example. An exposure 
of 1/250 second at f/8 is equal to an exposure 
of 1/60 at f/16. In a. practical sense, the 
reciprocity law holds true for the normal 
range for exposure time. The normal range for 
various sensitized materials differs consider- 
ably. Many films have a normal range of 
1 second to 1/500 second; others have a 
normal* exposure range of between 1/10 and 
1/1,000 second. Failure of the reciprocity law 
to apply in this normal range is insignificant, 
and you can * disregard it for most practical 
applications of photography. This is why 
published 'tables, exposure calculators, and 



exposure meters can be used in most of your 
day-to-day photography. 

Unfortunately, photographic emulsions do 
not always respond in such a manner that 
constant results are obtained when light 
intensity and exposure times are widely 
varied. What we are saying is that the 
reciprocal Telationship of intensity and time 
as outlined in the exposure equation does not 
hold true in some applications. Instead, film is 
less responsive when it is exposed under 
extremely high or low light intensities as 
compared to exposure under medium 
intensities. Both extremes are usually marked 
by very short or very long, shutter speed 
settings. 

It is interesting to note that at both 
extremes the effect of reciprocity failurejs-aa 
apparent loss of film speed. The loss of film 
speed results in an underexposed negative. 
The extent of speed loss differs wthdifferent 
emulsions under varying conditions and no 
general rule can be given. Required exposure 
compensation for reciprocity failure must be 
found by experimentation for each emulsion. 
The best insurance against reciprocity failure 
is the use of the aperture, rather than 
extremes of shutter speeds, to control 
exposure. 

Exercises (215): 

1. Briefly explain the law of reciprocity. 



2. Explain under what conditions there is 
likely to be reciprocity failure. 



3. Explain the effect of reciprocity failure. 



216. Identify, as true ; or false, statements 
concerning haze and its effect on 
photographic exposures. 

Haze. The term "atmospheric haze" is used 
in photography to describe a condition of the 
air. This condition, haze, may take the form 
of a thin vapor of fumes, smoke, or dust. 
Hazfe effects are sometimes used to heighten 
the dramatic impact in photographs, but on 



other occasions haze may present a serious 
problem as it obscures vital details* 

Haze acts as a filter and scatters the shorter 
(blue) wavelengths of light. H^ize, therefore, 
effectively softens details. Such softening can 
give a feeling of depth or mood to pictorial 
shots. Conversely, there may be occasions 
when you wish to eliminate or reduce the 
effects of atmospheric conditions to achieve 
maximum detail. These include but are by no 
means limited to: 

• Aerial reconnaissance. 

• Aerial mapping. 

• Aerial surveys. 

• Telephoto photography for sports or 
nature. 

• Missile launchings. 

• Astronomical photography. 

To minimize or eliminate haze to show 
distant subjects in greater detail, 
panchromatic or infrared emulsions must be 
used. These films are selected because they 
are sensitive to red or infrared wavelengths. 



These longer wavelengths are not as affected 
by haze. 

The use of panchromatic film and a yellow 
filter can improve clarity to some degree. 
' Even greater detail may be obtained by using 
dark yellow or orange filters. To penetrate 
heavy haze you should use a red filter. 
Maximum penetration can be achieved by 
using infrared film and a dark red filter. It 
must be emphasized that these methods apply 
to haze penetration. Ordinary film and filter 
combinations do not penetrate fog or some 
other types of atmospheric conditions. 

NOTE: Yellow, orange, and red filters are 
used to absorb blue wavelengths of light 
which predominate in hazy conditions. The 
correct use of filters will be discussed in detail 
in a later chapter. 

Exercise (216): 

1. Identify each of the following statements 
as true or false. 

a. Haze obscures detail in a photograph. 
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Figure 2*1. A daylight exposure table. 
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b. Orthocbromatic film is the best type of 
film to use when photographing on an 
average hazy day. 

c. Maximum haze penetration can be 
achieved by using infrared film and a red 
filter. 



2*2. Data Guide Charts 

Your value to a photographic facility is 
increased when you overcome problems that 
could result in an assignment failure. For 
example, you may be faced with an accident 
assignment during which your light meter is 
, damaged or is giving false reau.ngs. If your 
technical background is shallow, or you have 
not developed the ability ; to judge light 
conditions, you will most certainly have 
problems in getting. the prop., exposure. In 
this section, we discuss the exposure guides 
which can help you calc. 'ate exposure 
settings when you do not have a light meter. 



217. Given lighting and subject conditions, 
calculate the correct exposure using the ■ 
exposure guide presented in figure 2-1. 



The problem of calculating the exposure 
fop any subject involves t&e interrelation of 
two factors: the speed of the film and the 
brightness of the subject. WeJJuse the ,ASA 
film speed indexes for our exp6sure 
computation of speed. Two methods* of 
judging brightness are visual estimation and 
the use of an exposure meter. Both have their 
individual merits, though for. consistent 
results under a variety of conditions only a 
properly working exposure meter should be 
used. 

Visual Estimation. Visual estimation is 
based on past experience with films of a given 
speed and by personal judgment of scene 
brightness. Because of the characteristics of 
the human eye, such brightness judgments are 
seldom very precise even though experienced 
photographers can become quite skilled at 
making visual estimations under familiar 
conditions. < 

In the absence of an exposure meter, the 
following system can.be used to calculate a 
fairly accurate camera exposure outdoors. 
The basic shutter setting is the reciprocal of 
die film speed. If the film's ASA rating is 125, 
use 1/125 second as the shutter speed; if the 
speed is 250, use 1/250 second; and so forth. 
Your basic f/stop setting can b'e selected by 
using an exposure table. Many film packages 



contain tables such as the one shown in figure , 
2-1. K 

Using an Exposure Table or Guide. 
Completely accurate assessments of lighting 
conditions are seldom possible. However, 
most film emulsions hav^aifficient latitude 
to -cover any minor erroiMou might make. 
Consider the following stapments as aids in 
assessing light conditions by visual estimation. 

a. A bright sun and clear sky produces 
deep dark shadows of subjects in the scene. 
Use the Bright Sun column for exposures 
under these conditions. 

b. If the sun's outline is visible behind a 
thin veil of clouds, use the Hazy Sun column. 
In this case, the sun's brightness has been 
softened somewhat by a fine haze over the 
sky/ or by thin clouds. As a result, the 
shadows of objects are light and transparent. 

c. ^f you can't see the sun and the sky is 
bright in the direction that the sun should be, 
use the Cloudy Bright column. Many overcast 
days when the sun is hardly visible can be 
included in this classification. Shadows of 
ground objects under these conditions are 
barely visible. 

d. In the event the whole sky is covered 
with dark cltfuds, use the Open Shade 
column. This classification also applies when 
your subject is standing in' the shadow of 
another object. By open shade, we mean it is 
possible to see the clear sky overhead from 
the subject's position. In other words, your 
subject is stanjding in the shade of another 
object, and this shade is fairly even over the 
entire area where your subject is located. 

e. Use the, Deep Shade column when 
supplemental * lighting of subjects in deep 
shade is not possible. Use extra care in making 
'photographs in deep shade to ensure adequate 
shadow detail. 

Next, turn your attention to the subject 
brightness. If it is a general snow scene or a 
beach " scene with a lot of reflection 
throughout the entire area, use the top row 
labeled brilliant If your main subject, within 
the snow or beach scene, is not reflecting very 
much light because the subject is dark 
colored, use the second row of f/stops labeled 
bright: Also, use this classification when you 
, estimate that the general scene is reflecting 
'more than 50 percenyof the light striking it 
Most o/ the subjects you will be 
photographing can be classified as average. 
This means that they reflect 15 to 50 percent 
of the light striking them. When it appears to 
your eye that the subject is reflecting less 
than 15 percent of the light striking it, use the 
last row of f/stops labeled dark. 



21 




LO / 




1 INCIDENT LIGHT. SPHERE 

2 REFLECTED LIGHT APERTURE 
^COVERED BY SPHERE) 

3 ILLUMINATION SELECTOR BUTTONS 

4 HIGH INTENSITY ILLUMINATION SCALE 
(OUT OF VIEW) 

5 LOW INTENSITY ILLUMINATION SCALE 

6 SCALE INDICATOR NEEDLE 

7 EXPOSURE TIME SCALE 

8 LENS APERTURE SCALE 

9 EILM SPEED SELECTOR . . 
1C FILM SPEED INDEX WINDOW 

11 INTENSITY SCALE INDEX LEVER 

12 INTENSITY SCALE INDEX WINDQW 



Figure 2-2. A hypothetical exposure meier set for incident light. 
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1 'NCIDENT LIGHT SPHERE 

7 RE C LECTED LIGHT APERTURE 

3 ILLUMINATION SELECTOR BUTTONS 

4 i!GH INTENSITY ILLUMINATION SCALE 

5 LOW INTENSITY ILLUMINATION SCALE(HIDDEN) 

6 SCALE INDICATOR NEEDLE 

7 EXPOSURE TIME SCALE ROTATES WITH 
'NT EN SI TY SCALE INDEX) 

3 LENSAPERTURE SCALE (FIXED) 

9 FILM SPEED SELECTOR 

10 FILM SPEED INDEX WINDOW 

M INTENSITY SCALE INDEX LEVER 

12 INTENSITY SCALE INDEX WINDOW 



Figure 2-3. A hypothetical exposure meter set for're-flected light. 
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Let us try to put^everything together by 
working a problem. Suppose you are 
photographing a cream-colored building. 
First, you look at the sky in the direction Of 
the sun. You discover the light condition to 
be "hazy sun" since you are able to see the 
outline of the sun through a thin veil of 
clouds. Since the building is cream colored, 
^you then select "bright" for the subject 
"brightness. At the point on the table where 
the columns for bright subjects under hazy 
sun intersect, you find f/16 to be the basic 
aperture setting. If you are using film with a 
speed of 125, the basic exposure would be 
1/125 at f/16. 

Exercise (217): 

1. With the aid of figure 2-1, select the 
appropriate f/stop for each one of the 
following shooting situations. 

a. Photographing a snow scene on a day 
when the sun has been softened by thin 
clouds. 

b. The subject is a black automobile. The 
sky is overcast. 

c. Photographing a young girl under a tree 
on a surtny day. 

2-3. Expo^jiire^Meters 

The human eye is a poor instrument for 
measuring the critical intensity of light. 
Because of this, we must rely on exposure 
meters for accurate light measurements. In 
this section we cover principles, maintenance, 
and application of exposure meters. 



> 218. State the' purpose of reflected and 
incident light exposure readings and complete 
statements concerning the use of exposure 
meters. 



Exposure meters are * light-sensitive 
measuring devices which convert light energy 
into electrical energy on a proportional basis. 
Exposure meters employ two systems for 
making light intensity readings. The incident 
method measures the intensity of light falling 
on the subject. The reflected method 
measures the amount of light being reflected 
by the subject. Many meters today are 
convertible to either method. For the sake of 
discussion, we will examine each method 
separately. 

Incident-Light Meters. The incident-light 
meter measures the light falling on the 



subject. This type of meter does not consider 
the tone value of the subject at all. Thus, it 
does not read the amount flight being 
reflected by the subject toward the camera. If 
you use this type of meter, you must take 
into consideration the tonal value of the 
subject to understand the scene brightness 
range you are working with. 

Many of the modern exposure meters can 
give either incident or reflected light readings. 
Photoelectric exposure meters operate on a 
common principle and, as shown in figures 
2-2 and 2-3, vary primarily in their 
configuration for use. Light falls on a 
photoelectric .cell which responds by creating 
electricakpurrent. The cell produces power in 
direct relation to the intensity of the light it 
receives and moves a needle that indicates 
light intensity on a scale for exposure 
computation. The more light there is, the 
greater, is the deflection of the needle. In 
addition, the meter has a set of dials which, 
when set according to the proper film-speed 
index and the scale reading of light intensity, 
gives the exposure directly— depending on the 
shutter speed or diaphragm opening desired. 

- Figure 2-2 shows the incident-light sphere 
in place over a window that gathers light for 
the photoelectric cell. The sphere receives the 
light from above, below, forward, and the 
sides. When held at the subject position and 
pointed toward the camera (as in fig. 2-4), an 
incident-light meter measures the light falling 
on the subject. 

Reflected-Light Meters. Figure 2-3 
illustrates a meter configuration for reading 
high intensity reflected light. Individual 
components are identified by the same figures 
used in figure 2-2. However, you should note 
that the sphere (1) has been pushed aside to 
reveal the reflected light aperture (2) forward 
of the photoelectric cell. The illumination 
selector (3) has been set for readings on the 
high-intensity scale (4). Film speed 160 has 
been set in the index window (10). 

Figure 2-5 illustrates the principle of 
reading with the reflected light exposure 
meter. It measures the amount of light being 
reflected toward the camera by the subject. 
Thus, this type of meter actually measures the 
picture-producing light. This is the most 
important feature of this type of light. You 
can use this meter to measure the scene 
brightness range by taking separate readings 
of the highlight and shadow portions of the 
subject. 
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Exercises (218): 

1. What Is the purpose of 
reflected-light meter reading? 



taking a 



2. Explain the reason for taking an 
incident-light meter reading. 



Complete the following statements 
regarding the operation of exposure meters. 

a. When using a reflected meter, you point 
the meter toward the . 

b. The tonal values of the subject are not 

measured when taking : — 

meter readings. 

c. When using an incident meter, you point 
the meter toward the 

meter readings are used to 



measure the scene brightness range of 
the subject. 



219. identify principles and techniques that 
apply to different types of meter readings. 

Reflected Meter Techniques. A reflected 
meter is used to measure light that is being 
reflected by the subject towards the camera. 
The meter is programmed to yield a reading 
that will reproduce a middle gray tone. This is 
to say that if you measure the light being 
reflected by a certain subject and use this 
reading for your exposure and then process 
and-print your film correctly, the subject will 
appear a medium gray. All other parts of the 
scene that reflected more or less light than 
this subject will be lighter or darker ten 
middle gray. It is most important to realiz^ 
that a middle gray tone may not be the best 
representation of the subject and that you 
may have to modify your exposure to achieve 
the right tone. ^ 

When taking a reflected light reading, it is 
important to know exactly what part of the 
subject the meter is reading. Each, type of 
meter has its own angle of acceptance. Some 
meters read a very narrow area (such meters 
are often called "spot" meters) while others 
read a very wide angle. It is possible for a 




m6ter to read^too much of the shadow or 
highlight areas and cause an inaccurate 
exposure. Therefore, it is a good idea to move 
in close to the subject so that you can make 
sure that the main subject is being measured. 

There are basically three types of readings 
made with a. reflected meter. These are; (1) 
average, (2) brightness range, and (3) 
substitute. Let us see how each works. 

Average reading. To take an average 
reading, you simply aim the meter toward the 
middle of the subject and take a reading. This 
averages the' highlight and shadow areas to 
give you a '"middle" reading. This type of 
reading works well with average contrast 
subject. 

Brightness range. To take a brightness range 
reading, you first take a reading of an 
important highlight area. Next, take a second 
reading by measuring an important shadow 
area. Then average these two readings to get 
ydur exposure. For example, if the highlight 
measured f/22 at 1/125 and the shadow was 
5.6 at 1/125, your exposure would be f/11 at 
1/125. 

Substitute reading. If youTannot approach 
the subject to measure its reflectance, you can 
select some object that closely approximates 
the subject's reflectance and use it to 
compute exposure. If the substitute object is 
lighter or darker than the subject, you jnust 
make a minor adjustment before making the 
exposure. If the subject is a person, for 
example, you could take a reading off the 
palm of your hand and use this reading to 
produce a good exposure. Remember, 
however, the substitute object must be 
illuminated by light having the same quality 
and intensity as that used to illuminat£-th^ 
subject. (You can use an 18-percent n 
gray test card to make substitute readings. 
This technique is discussed in a subsequent 
section.) 

Incident Meter Reading. When using an 
incident light meter, ftpint the light-gathering 
receptor toward the . camera. The meter 
averages all of the light falling on the subject. 
This type of metering is valuable when you 
have contrasty or back lighted subjects where 
the strong highlights migl^t cause erroneous 
reflected readings. 



Exercises (219): . 

1. Wh|t is the difference between an average 



and a scene brightness reading? 
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2. When would it be a good idea to use an 
incident light meter reading? 



3. What factors should be considered when 
choosing a substitute subject for a reflected 
meter reading? 



220. Complete statements about the proper 
use and care of an exposure meter. 



Care of Exposure Meters. Your exposure 
meter will last for a long time provided you 
don't drop it or otherwise abuse it. To ensure 
utmost accuracy, you should follow the 
appropriate- operator's checklist and 
instructional booklet provided by the 
manufacturer. You should also consider the 
following points: 

(1) Clean the glass over the photoelectric 
cell before use. 

(NOTE: In dry weather, you may find that 
rubbing the glass with cloth can generate a 
static electricity charge and cause the needle 
to give a false reading. You can remove the 
charge by breathing on the glass.) * 

(2) Zero the meter. Cover the meter cell 
opening to cut off all the light. (With some 
meters you must remove the batteries.) The 
needle should be at 0 or at an appropriate 
zero mark. Tilt the meter in various 
directions-from side to side and up and 
down. The needle should not move more than 
the equivalent of one-third of an f/stop 
despite the position of the»meter. If needed, 
adjust the needle until it zeroes. 

(3) Check for sticky movement. Aim the 
; meter cell at any light source until the needle 

is at about the halfway mark on the scale. 
Cover the cell and uncover it several times. 
The needle should go to 0 each time the cell is 
covered. Even with low light intensity, the 
meter pointer should move smoothly. 

(4) Check for accuracy. Absolute accuracy 
tests are very difficult, and it is impossible to 
check for the meter's accuracy every time you 
go on a- camera mission. However, you should 
assure that your meter indicates exposures 
which are logical on the basis of your 
experience or which match those indicated by 
another meter of known accuracy. 

Always handle your meter correctly since 
the quality of your photographs depends on 



correct exposure metering. Consider the 
following operational DOs and DONTs. 

DO— Protect the meter from bumping 
against other objects. Carry the meter in your 
pocket or canlera case when it isn't in use. 
The meter case gives some protection, but is 
not adequate for safety in extreme 
conditions. 

DON'T— Subject the photoelectric cell to 
light intensities above those that are 
programmed By the selector switch. Extreme 
intensities may cause the indicator needle to 
bounce at the high end of the scale and 
eventually cause damage to the unit. 

DON'T— Subject the exposure meter to 
temperatures above 125° F. When you are not 
using the meter, keep it in the carrying case 
and away from heat. 

DON'T-Point the photoelectric cell 
toward the sun. The cell may be "blinded" 
and give erroneous readings for many hours. 



Exercise (220): 

1. Complete the following statements on the 
proper care and use of an exposure meter, 
a. A photoelectric meter can be 
_if you point the meter 



toward the. 



b. Subjecting a metet to very . 

intensities of light can cause permanent 
damage. 

c. The meter should be protected from 
other objects. 

d. In most meters, when the batteries are 
removed the needle should rest at the 
. mark. 

e. Protect your meter from temperatures 
above - 



2-4. Neutral Density Gray Card 

There are times when the subject is so small 
that it is impossible for adjacent areas to be 
excluded from the exposure meter's field of 
view. Under these conditions, the meter may 
provide inaccurate exposure data. At other 
times, it is impossible to approach the subject 
in order to take a meter reading, Finally, 
there are situations when the subject is not 
available for you to make exposure readings. 
For example, it is not possible to interrupt 
sports activities in order to take a closeup 
reading. Under these and other conditions, a 
neutral test card can be substituted for the 
subject to assist you in calculating the correct 
exposure. 
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"Tigutp 2-6. Using the gray card. 




221. Identify correct and incorrect 
statements about the proper use of the gray 
card. 

The neutral-test card is approximately 8 x 
10 inches in size, gray on one side and white 
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on the other. The gray side reflects 18 percent 
of the light incident on it, while the white 
side reflects 90 percent of the light that 
strikes it. 

Ttiere are three basic rules to be 
remembered when using a gray card: 
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U) The illumination falling on the card 
must be of the same quality and 
intensity as that falling on the subject. 

(2) When you are tising a gray card to 
estimate exposure, be sure to hold the 
meter close to the card. This way, 
light from surrounding areas will not 
strike the meter's cell and produce 
erroneous readings. 

(3) Make sure that the card is held 
perpendiqular to the ground. If it is 
held at an angle, either up or down, it 
will produce inaccurate readings. 

To use the gray card correctly, position it 
properly as shown in figure 2-6, and measure 
the light reflected from it. Next, compare the 
reflectance of the card with the reflectance of 
your subject. If the subject is lighter, select a 
smaller aperture. If the subject is darken, open 
the aperture to admit more light. 

If you are working under conditions of 
extremely low illumination, it may not be 
possible to register a reading on the gray side 
of the card. However, the white side of the 
card reflects five times as much light and may 
h provide sufficient reflectance to make an 
exposure reading. If the white side of fhe 



neutral test card is used, you must remember 
that it shortens the exposure by five times 
over the reading provided by the gray side of 
the card* Typical subjects reflect less light 
than the white side of the neutral test card. If 
you use the actual exposure data provided 
from this side of the card, most ol your 
negatives will be severely underexposed. As a 
general rule, open the aperture approximately 
2-Vz f/stops over the white side reading. 



Exercises (221): 

1. Identify each of the following statements 
as true or false. 

a. The gray side of a neutral test card 
reflects 18 percent of the light striking 
it. 

b. You can take an incident reading off a 
gray card. 

c. When using the white side of the neutral 
test card, you need to increase % your 
exposure 2 X A stops. 

d. When taking a reflective light reading off 
a gray card, the card should be held at a 
45° angle to. the subject. 
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CHAPTER 3 



Still/MoJion Picture Cameras 



THERE IS NO SINGLE camera to fill every 
photographic requirement. Most 
photographers choose from among cameras 
that produce negatives ranging in size from 
35mm through 8 x 10 inches. Their choice is 
dictated by the purpose of the photography 
and the conditions under which it is to be 
accomplished. 

Small cameras are essential ' when the 
photographer requires maximum freedom of 
movement. With very little manipulation of 
the camera, they permit making several 
exposures in rapid succession on roll film. 
Accessories, -such as special purpose lenses and 
flash equipment, are easily carried By the 
photographer. However,, small .cameras have a 
disadvantage in their small negative size. 
Extreme care in exposing and processing is 
required to regain fine detail with small 
negatives. Corrections , in the image by 
retouching are virtually impossible to ijiake. 

Large cameras are usually used when you 
must retain maximum detail in {he negative 
without spepial processing. This -is necessary 



when certain subjects are photographed to an 
exact scale pr when very large-scale 
reproductions are needed. Correction of 
certain faults in image detail is possible with 
large sheet film negatives. The" disadvantages 
of large cameras are their bulk apd'the need 
for heavy-duty tripod support. Large 
supplementary lighting equipment further 
reduces portability. 

Between the two extremes just described 
are larger roll film cameras' and Smaller sheet 
film cameras. TJiese are, to a great extent, 
universal in their use. Negatives produced by 
these cameras are large enough to retain good 
detail without special processing techniques. 
Their size allows the photographer to carry 
most accessories conveniently. 

How many of each type of camera a photp 
lab needs depends primarily on the lab's 
mission. All cameras have features in common 
and, once you have become familiar with the 
operation of one camera, you can easily learn 
to operate other types. We will, therefore, 
discuss examples of cameras that "fall within 
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Figure -34* Parallax correction with optical viewfinder. 
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the following categories: (1) reflex, (2) 35mm 
SLR/RF, (3) press, (4) view, (5) copy, and 
(6> duplicating cameras. 

In addition to still cameras, many base 
photo labs have a limited requirement for 
cameras to produce 16mm motion picture 
footage for television news release. In light of 
this, a short discussion of motion picture 
camera operation is also given. 

3-1. Reflex Cameras j 
The reflex camera is not really a different 
type of camera. The difference between reflex 
canleras and other cameras is their unique 
method of viewing and focusing the subject. 
In this section we distinguish between the 
single lens aftd twin lens reflex systems and 
discuss the .Operation of th£ if Roileiflex" 
camera. 



222, State the basic differences between the 
single lens and twin lens reflex camera 
systems. 



Single Lens Reflex Camera. Many cameras 
suffer from .parallax. Parallax occurs when 
there is a difference in the angle used to view 
the subject and tke lens angle of coverage. 
Parallax becomes more of a problem as the 
camera moves" closer to the subject. Pictures 
in which part of the subject is cut off can 



usually be blamed on parallax. Figure 3-1 
illustrates the problem. 

The single lens reflex camera does not have 
a parallax problem* A mirror in the path of 
the image formed by the lens deflects the 
light from the subject .to the viewing screen 
for focusing and composition. Thus, the 
photographer is able to see what the lens sees 
regardless of the focal length of the lens or 
the lens-to-subject distance. 

When th^ shutter is tripped, the mirror 
moves out of « the way and allows the light to 
pass to the focal plane, where it exposes the 
film. Usually? the.^ mirror instantly returns 
once the exposure is finished. Figure 3-2 
w illustrate the principle ^ operation of the 
single lens reflex camera. 

Twin Lens Reflex Camera. The twin lens 
reflex design combines two separate lens 
systems into a single camera. The top lens is 
for viewing and focusing, while the bottom 
lens takes the picture. The top lens focuses an 
image of the subject on the viewing screen in 
much the same manner as the single lens 
reflex camera, except that the image is 
" reversed. The twin lens reflex camera suffers 
from p akll ax at close distances. Parallax 
correction may be obtained by internal 
compensation between the two Senses or by a 
bar tfcat comes across the viewing screen 
mdicatmg the reduced area covered by the 
taking lens. Figure 3-3 shows the twin lens 
reflex principle. 
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Figure 3-2. Principles of typical single lens reflex camera. 

4 • 

31 



JRIC ' 



COLLAPSIBLE 
VIEWING 
HOOD 



NATURAL 
PARALLAX 




^3 



NATURAL 
PARALLAX 



Figure 3-3. Principles of twin lens reflex cameras. 



Exercise (222): 



rjothM 



1. State x the basic differences between the 
single lens and twin lens reflex camera 
systems. 



223, Complete statements about features and 
procedures related to the "Rolleiflex" 
camera* 



The "Rolleiflex" Camera. 
34 is the "Rolleiflex," the 
you will most likely use. It 
viewing and focusing, and 
frame viewfinder for use 
shooting sports ox action. 

The major features of the 

• A f/2.8, 80mm letis, 

# Shutter speeds from 1 
second and bulb. 



Shown in figure 
twin lens camera 
uses both reflex 
it has an open 
when you ar$ 

"Rolleiflex" are: 

s^iond to 1/500 



• Built-in flash synchronization for 
andX. 

• Uses 120 (12 shots) or 220 (24 shots), 
film. 

• Integrated exposure meter with 
adjustments for film speed and filter factors, 

• Rapid, wind film advance. 

Loading the camera. Follow these 
procedures to load the camera with 120 film: 

(1) Turn the safety back lock clip near the 
tripod socket and release the back lock lever. 

(2) Lift the back open and inspect all 
internal surfaces for cleanliness. Metal guide 
rollers and film format surfaces must be free 
of foreign particles and must not be scratched 
or blurred in any manner. 

(3) Adjust the film guide plate to assure 
the inscription 2V4 x 2V* inches is visible and 
the springback is free to function. 

(4) Place an empty 120 film spool over the 
winding key at the side of the spool chamber. 
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fl) FOCUS MAGNIFIER 

(2) SHUTTER SPEED INDICATOR 

(3) CRANK KNOB , 

(4) SELF TIMER AND SYNCHRO 
FLASH LEVER 

(5) SPEED SELECTOR WHEEL 
*6) SHUTTER RELEASE 

(7) CAMERA BACK LOCK LEVER 

(8) FLASH CONNECTER SOCKET 

(9) LOWER FILM SUPPLY SPOOL KNOB 
MO) FILTER SCALE 

Ml) FILM SPEED KNOB v DIN/ASA 
M2) DIAPHRAGM CONTROL WHEEL 
M3) FILM TYPE 

M4J AUTOMATIC EXPOSURE INDICATOR 
M5> FOCUSING KNOB 
'16) "DEPTH-OF-FIELD" SCALE 
M7) UPPE^ TAKE-UP SPOOV KNOB, 
08)HuiLT-IN EXPOSURE METER 

M9) SPORTS FINDER PANEL 

j 

1* 



Figure 3-4. The Rolleiflex camera- 



Pull- out the takeup spool release knob and let 
the spool fall into position. Let- the knob snap 
back into position. 

(5) Turn the film transport crank until the 
long slot in the spool is uppenpbst. 

(6) % . Place a roll of film in the feed spool . 
chamber at the other end of the camera. The 
tapered end of the backing paper should point 
in the direction of the takeup spool, with the 
p^per coming off of the top of thes^pooL Pull 
out the supply spool release knob to&ftuw the 
spool tp drop into place anc^ then let it snap 
back into place. 

(7) Remove the tape seal from the roll 
film. Thread the beginning of the backing 
paper between the rollers of the film feeder 
mechanism as shown in figure 3-5. 



(8) Using the crank for correct positioning, • 
"push the paper leader into the long slot of the 
jkeup spool. 

j[9) While backing the full spool with the 
thpmb, tighten the backing paper by one-half 
of the crank. 

(10) Press the camera back with the palm 

of the hand to close, fold down the back lock 

lever, and secure with lock clip. 
9 f 

(11) Turn the crank handle clockwise for 4 j 
or 5 turqs until £ definite stop is reached. The^ 
frame counter now 'turns automatically to 
number 1. 

(12) Reverse* the crank until it stops again 
and turn it over on its hinge to store. 

f y 
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Figur* 3*5, Loading the camera. 

Setting exposure* The DIN/ASA selection 
and filter compensating scale are both directly 
coupled to the automatic exposure indicator 
located on the left side of the camera (see fig. 
3-4). Therefore, always make certain that the 
film being exposed has the listed ANSI (ASA) 
rating properly selected, with the filter factor 
scale on zero. To do this follow these steps: 

(1) Gently press - and turn the knurled 
knob until the Corresponding' speed rating 
number appears in the ASA window. Dots 
correspond to intermediate film speeds like 
80, 125, etc. 

(2) The film compensating number on the 
outer scale must be set on zero for normal use 
without filters. When using "Roller' filters, 
select the number appearing on the filter ring. 
These numbers are for "Rollei" filters ONLY. 
They do not indicate the factor for any other 



make of filter. When using other than 
"Roilei" filters, compensate manually with t 
diaphragm/shutter speed adjustments. 

(3) Turn the knurled knob at the focusing 
knob to set the film type. This is only a 
^minder to show which .type of film 
(daylight color, color negative, or black and 
white) has been loaded. 

These three steps are reviewed in figure 3-6. 

Focusing and viewing. Follow the steps 
shown below when focusing and viewing: 

(1) Open the hood by pushing up slightly 
on the rear edge of the hood cover. A spring 
causes the hood to snap open the rest of the 
way. 

(2) Turn the focusing knob back and 
forward until the main subject appears sharp 
on theLScreen. 

(3) pie magnifier may be snapped out into 
positioji for critical focusing. 

Setting shutter $peec&~*and lens apertures. 
The shutter speed is set by turning the shutter 
speed selection wheel. Available speeds are 1, 
1/2, 1/4, 1/8, 1/15, 1/60, 1/250, and 1/500 
plus B. The speed control has click stops so 
that intermediate values between those 
marked cannot be used. The opening and 
closing of the diaphragm is controlled by the 
lens aperture selection wheel. Both the 
shutter speed and the aperture setting can be 
seen from above when you are using the 
normal viewing position. j 

Exposing. After having focused and 
composed the scene and made the exposure 
settings, hold the camera steady and gently 
squeeze the shutter release. As soon as the 
release has been pressed and the "click" felt 
as the shutter blades open 'and close, the 
winding mechanism becomes free, and the 
crank handle may be turned again until a stop 
is felt. A three-quarter turn forward advances 
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Figure 3-6. Setting the exposure. 
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Figure 3-7. Flash selector. 



the film and turns the counter to the next 
number. A three-quarter turn back cocks the 
shutter and permits stowing the crank handle^ 
again. After the twelfth exposure on 120 film 
has been made, no stop is felt as the crank is 
wound. 

Flash operation. The shutter is fully 
synchronized for high-speed electronic flash 
as well as flash bulbs. Select the proper 
contact by raising the small knurled knob and 
swinging the synchro lever to the desired 
position, as shown in figure 3-7. 

The flash cord connection is located on the 
front lower left corner. Insert the tip into the 
Bash connector socket. To disconnect the 
flash cord; swing the locking leverTlownward 
and remove the tip from the socket. 

Use of the sports finder. Fast mo.ving 
objects, races, and sports events can be 
followed and photographed more 
conveniently by using th^direct viewfinder. 
To use the finder; 

(1) Press panel inward all the way to open 
the sports finder. 



(2\ Tap both sides of the hood gently to 
close. 

Figure 3-8 illustrates these two steps. 

Always use the direct viewfinder close to 
^e eye and look directly at the subject. 

ujyetator Maintenance. A camera is a 
precision instrument and deserves^ proper 
operation fpr dependable results. Protection 
throughout its operation is essential. 
Moisture, dust, sand, water, and strong 
sunlight are harmful to parts and the lenses. 
To remove dust from optical surfaces, such as 
a lens, focusing screen, reflex mirror, or 
magnifier, use a brush. Then wipe off smears 
or fingerprints with lens tissue. Remove dust 
and dirt from the interior parts with air blasts 
from an aerosol can. 



Exercise (223): 

1. Complete the fdllowing statements on the 
operation of the "Rolleiflex" camera, 
a. When using 120 irfa "Rolleiflex," you 
get exposures. 




Figure 3-S. The sports finder 
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b. Prior to loading film, all internal surfaces 
should be checked for . 

c. For accurate exposures,, the "Rolleiflex" 
has a built-in . 

d. The "Rolleiflex's" exposure meter has 
compensating numbers for ■ 

e. For critipal focusing you should use the 
built-in • 

f. The shutter speed selection wheel 

has* so you 

cannot use any intermediate values. 

g. When using the "Rolleiflex," the 
winding crank must be turned 

to advance the film and 

turned to cock the shutter. 

h. When 'photographing action shots, you 

should use the 

to compose the subject. 

should use 
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to wipe fingerprints from a F, ^ re 3 * 9 - Principles of double image rangefinder. 



3-2. 35mm SLR/JtF Cameras 

Probably the most important advantage of 
35mm cameras is the ease with which they 
can be used. Their small size and compactness 
make it possible for photographers to carry 
them strapped around their neck or over the 
shoulder. Little preparation is necessary to 
put them intp operation. Another advantage 
is the rapid film changing devices 
incorporated into the cameras. This can be 
used to great advantage when it is necessary 
to take many photographs in a short period of 
time. Design of the average 35mm camera is 
such that minimum time is required for 
— miking the settings and transporting the film. 

Because most 35mm cameras make as 
many as 36 exposures (250 with a bulk film 
back) on a single roll/^f 35mm film, they 
- offer great economy of operation. The 
photographer can carry^noUgh film in one 
pocket to make many exposures. This type of 
camera is helpful for ne\vs and action 
photography where manyolctures must be 
made in a short time. Itrisadso indispensable 
for color slide work. 

35mm cameras us dally feature either 
rangefinder or single lens reflex methods of 
focusing. In this section we discuss the 
operation of the "Leica" M-2 which illustrates 
the first type and then the "Nikon" F which 
is a single lens reflex. 



224. Complete statements 
operation of the "Leica" M-2. 



about the 
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Rangefinder Focusing. The rangefinder 
method of focusing (coupled in a viewfinder 
for composing), illustrated in figure 3-9, has 
several advantages. As it does not depend on 
light passing through a lens for Viewing and 
focusing, it can, through the use of a silvered 
mirror, display quite a bright image. Such 
focusing is of great advantage in lovir light 
conditions often found in news and combat 
situations. Furthermore, since there is no 
moving mirror, the C^nera can be extremely 
quiet which is a big help with sensitive 
subjects. 

Its major disadvantage, which is responsible 
for its decline in popularity, is that the 
rangefinder is effective only over a small range 
of focal lengths. Most 35mm rangefinders can 
only be coupled to lenses from 21mm 
through 135mm. For shorter than 21mm 
focal lengths, reliance must be made on the 
lens scale for focusing. For focal lengths 
greater than 135mm, an accessory reflex 
housing has to be used. This limits the 
camera's advantage of small size and ease of 
use. Another disadvantage is that a 
rangefinder system can suffer from parallax at 
close lens-to-subject distances. Finally, the 
rangefinder can get out of synchronization. 
This produces out-of-focus negatives that 
unfortunately may not be discovered until the 
film is processed. 

Still, when used with a shprt focal length 
lens, a 35khh g^ngefinder camera is a small, 
sturdy, aira jfet-ha&idling camera that is ideal 
for available^ light photojournalism and 
combat assignments 

The iJica M-2. The Leica M-2 is a 35mm 
rangefindefsxamera. The camera's viewfinder 
permits the* photographer to preyjpw the 
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KVJEWFINOER FRAMING WINDOW 

2. VIEWFINDER WINDOW 

3. REWIND KNOQ 

4. PREVIEW SELECTOR 

5. FOCUSING SCALE 

6. FOCUSING RING 

7. APERTURE SCALE 

8. APERTURE CONTROL RING 



9. LENS RELEASE CATCH; 

10. SELF-TIMER LEVER 

11. FILM TRANSPORT REVERSING LEVER 

12. EXPOSING COUNTER 

13. SHUTTER RELEASE BUTTON 

14. FILM ADVANCE LEVER 

15. SHUTTER SPEED SELECTOR 

16. ACCESSORY SHOE 



Figure 3-10. The Leica M-2. 



scene at an angle only slightly different from 
the lens-to-subject angle. A bright outline 
indicates the coverage of 35mm, 50mm, or 
90mm lenses. This outline adjusts 
automatically with the installation of the lens. 
The framing outline adjusts to compensate for 
parallax when the lens-to-subject focus is 
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changed* A 50mm, f/2 lens is the basic lens. 
Focusing may be accomplished with either 
the rangefinder or with the focusing scale. A 
focal plane shutter is automatically cocked 
with each action, of the film advance lever. 
See figure 3-10 'for a descrip^pn of the 
camera's basic components. 




Figure 3-1: 1. Baseplate. 



Figure 3-12. Hinged back. 
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Figure 3-13. Cassette and spool. 

Loading the camera. Roll film should be 
loaded under subdued light. Although the 
cassette normally provides sufficient 
protection from stray light rays, shading the 
film-* from bright- 4ight insures against 
accidental fogging. Keep loaded cassettes m 
their original containers until they are needed 
and remember to protect them from excessive 

heat. . ... 

To load the camera, turn it upside down. 
Then raise the base plate locking key and turn 
it to the "auf-open" position. Now you can 
lift off the base plate and open the hinged 
back (see figs. 3-11 and 3-12). Place the 



Figure 3-14. Inserting film into the camera. 

camera, base up, on a clean surface, with the 
lens facing you. 

With the takeup spool in your right hand 
and the film cassette in your left hand, insert 
: the film leader lab under the takeup spool 
clamping spring Be sure to position the 
cassette and the film spool as illustrated in 
figure 3-13. Push the film leader tab under the 
clamping spring. Wrap the film completely 
around the takeup spool by turning it 
dockwise for one full turn. Make sure that 
the edge of the film lies close and straight 
against the spool flange. 
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Figure 3-15. Sprodket teeth and film perforations. 
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Pull enough film out of the cassette to 
allow the cassette, film, and takeup spool to 
be inserted iftto the camera. The film must be 
loaded with the takeup spool knob positioned 
as shown in figure 3-14. The film fits into a 
slot just inside the camera back. 

Now, turn the camera so that it rests on the 
lens and you can view the opened back. Be 
careful not to damage the lens. If one is 
available, the lens should be protected by a 
lens cover. 

Check to make sure that the film and spool 
have been fully inserted into the camera. The 
edge of the film must be parallel with the 
guide lines of the film channel. Check also to 
make sure that the glossy surface of the film 
base is facing you. If not, the film is loaded 
incorrectly. 

Gently turn the film advance lever just 
enough to engage the drive sprocket in the 
film's sprocket holes. Make sure the sprocket 
teeth mesh correctly with the film 
perforations, as shown in figure 3-15. Then 
close the back, replace and lock the base 
plate, and turn the camera upright. 

Complete the advance lever stroke and trip 
the shutter 1 by pressing the shutter release 
button. Operate the film advance and trip the 
shutter one more time to insure that all 
light-fogged film has been wound onto the 
takeup spool. Now, set the film counter at 
"0" and advance the film one more time. This 
cocks the shutter and positions unexposed 
film in preparation for the first exposure, now 
indicated by the number "1" on the film 
counter. If you wish, you may set the film 
speed on the indicator on the back of the 
camera as a reminder. 



REWIND KNOB 



• C 

Advancing the film. The film advance l^er 
(see fig. 3-16) winds exposed film onto the 
takeup spool . and automatically cocks the 
shutter for the next exposure. The film 
counter indicates the number of exposures 
made. However, even though you are using a 
20 to 36 exposure roll of film, you may 
exhaust your film before the counter reaches 
these numbers. If, you fog an excessive 
amount of film during loading, this could 
prevent you from making a full 20 or 36 
exposures on the roll of film. Remember, if 
you are approaching the end of the roll and 
you encounter resistance, DO NOT attempt 
to force the film advance lever. This can 
damage the film and could possibly even tear 
the emulsion. If this happens, the camera 
must be unloaded in the dark to avoid ruining 
the exposed film (see fig. 3-16). 

During film loading, and periodically 
throughout camera operation, watch the dots 
imprinted on the core locatedin the center of 
the rewind knob. These dots should rotate as 
the film is advanced. If they»do not, the film 
is either broken or has come loose from the 
takeup spool. Remember, if some of the film 
has already been exposed, it will be necpssary 
to correct the malfunction in the dark. 

Setting apertures. Lens apertures are set by 
rotating the aperture control ring, as sljov^n in 
figure 347. A dot, just forward of the control 
ring, is used as an index mark for positioning 
the desired aperture. Turn the control ring 
until the desired aperture '(f/8 in this 
illustration) is aligned with the index mark. 
The aperture can be positioned with the index 
mark set between f/stops. You can do this 
, when the amount of change, produced by 
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Figure 3-16. Film advance and shutter release button. 
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APERTURE CONTROL 

APERTURE INDEX 
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Figure 3-17. Aperture adjusting control. 

going from one full stop to the next, exceeds 
your requirements. These aperture positions 
are called "halfstops." 

Shutter operation. Never attempt to use 
shutter speeds slower than 1/30 of a second 
without a tripod. Slower shutter speeds may 
show camera movement, and unless some 
type of support is used, blurred images result. 
Shutter speeds are set by rotating, the shutter 
speed ring, shown in. figure 3-18. DO NOT 
attempt to rotate this ring from the "B" 
position through the intermediate speed 




Figure 3-18. Shutter control. 




FOCUS 
LOCK 
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Figure 3-19. Infinity lock. 

positions in order to reach the 1/1,000 of a 
second position. 

PRECAUTIONS: Use a smooth and gentle 
pressure on the shutter release. Good breath 
control and gentle pressure on the shutter 
release are as effective in photography as in 
firing a rifle. Any jerky pressure on the 
shutter release, especially at slower speeds, 
may blur the image. 

Focusing scale. When the lens is focused on 
infinity, a button locks the lens into position 
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RING INDEX 

Figure 3-20. Focusing scale. 
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(see fig. 3-19). To focus the camera at 
distances other than infinity, the locking 
button must be disengaged. To use the 
focusing scale, simply estimate the distance to 
the subject, and then rotate the focusing nng 
until the estimated subject distance is aligned 
with the central triangular index. The 
focusing nng has two scales. The outer scale is 
measured in feet and the inner scale is 
, measured in meters (see fig. 3-20). 

Rangefinder focusing. The rangefinder "has 
two windows. One, the viewfinder window, 
produces an overall view of the area to be 
photographed. The other, the rangefinder 
window, provides a sniall rectangular image 
positioned in the center of the viewfinder 
image. When the image is not properly 
focused, the rangefinder image appears offset 




PREVIEW SELECTOR 



Figure 3-22. Preview selection. 



from the image produced by the viewfinder. 
When the subject is in sharp focus, the images 
are superimposed, and appear to be a single 
image (see fig. 3-21). 

Composing the photograph. The viewfinder 
is positioned slightly above and to the left of 
the lens. The difference between the 
viewfinder angle of coverage and the angle 
covered by' the lens produces parallax. 
Parallax correction is provided automatically 
by a bright finder outline which is visible 
through the viewfinder eyepiece. The outline 
dimensions adjust to show the area covered 
by the 35mm, 50mm, and 90mm lenses. If 
you want to check the coverage to evaluate 
which lens provides the best coverage, there is 
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Figure 3*23. Subject coverage with 35mm lens. 
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Figure 3*24. Subject coverage with 90mm lens. 

a preview switch locatec} on the front of the 
camera (see fig. 3-22). 

With the preview selector in operation, 
outlines a§. in figures 3-23, 3-24, and 3-25 
would show the total area covered from the 
same camera position. The wider coverage is 
provided by the 35mm lens, the smaller 
outline indicates the area covered by the 
90mm lens, and the intermediate outline is 
the coverage provided by the 50mm lens. 

Changing lenses, To remove the original 
lens, merely press on the catch located beside 
the bayonet lens mount, and rotate the lens 
barrel clockwise. When the red dot on the lens 
barrel is aligned with the catch, simply lift the 
lens from the camera body. To install the new 
lens, align the red dot on the lens barrel with 
the catch, insert the lens into the camera 
body, and turn the lens barrel in a clockwise 
manner until it stops with a clickr Always 
provide a firm support for the camera body 
while changing lenses (see fig. 3-26).. 

PRECAUTION: Avoid changing lenses in 
strong light. If no. other protection is : 
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Figure 3-25. Subject coverage with 50mm lens. 




Figure 3-*26. Lens catch. 

available, shade the camera'with your body. 
This helps to prevent fogging the film - Protect 
the interior of the camera from dust and 
"other debris while the lens is removed. These 
materials can damage the camera's internal 
components. NEVER point the camera at the 
sun for more than a few seconds. The lens can 
focus the sun's rays on the focal plane shutter 
and burn a hole in it. Always keep your 
accessory lenses in their protective cases when 
not in use. * 

Unloading the camera. Before you remove 
the exposed film from the camera, it must be 
rewound into the cassette. You begin this 
operation by setting the film transport 
reversing lever to the "R" position (see fig. 
3-27). Then pull up the rewind knob and turn 
it in the direction of the arrow printed on the 
top of the knob. 

Flash equipment A variety of incandescent 
and electronic flash units arte avjailable for use 
with the "Lekra" M-2. All short peak flash 
lamps are synchronized through the 
right-hand outlet whiqh is identified by a flasfr 
bulb! All medium peak lamps, including focal 
plane, and electronic flash .are synchronized 
through the left-hand # outlet which is 
identified by a lightning 'bolt. (Because the 
"Leica" employs a focal plane shutter, 
electronic flash must not be used at shutter 
-speeds higher than 1/50 second. This shutter 
speed is iftdicated on the shutter speed dial.), 
Protective plugs ' should be placed over the 
synch outlets to help prevent damage when 
they are not in use. 

Cleaning the camera. Cleaning is an 
important step, both before and after using 
the camera. Always check the finder windows 
and lens for dirt, dust, and fingerprints as the 
first step in preparing for an assignment. 
Remove loose dirt by blowing it gently, then 
wiping it off with a brush. Breathe on the 
lens, then use tens tissue or a soft, lintless 
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Figure 3-27 .Rewinding the film. 



cloth to wipe off any fingerprints or spots of 
moisture. Check the inside of the camera for 
dust, dirt, and other foreign material. Remove 
any foreign material with a soft brush. Do not 
touch the focal plane shutter with your 
fingers or cleaning materials. Dry the camera 
after it has been exposed to moisture such as 
rain or fcnow. Although it can be used in all 
weather, the camera may become damaged 
unless it is protected. 



Exercise (224): 

1. Complete the following $tatements on the 
operation of the "Leica" M-2. 

a. A rangefinder system, unlike a single lens 
reflex, can suffer from 

b. "Leica" M-2 has pptical frame lines for 

the- and 

lenses. 



c. Roll film should be loaded in_ 



d. The outer scale of the focusing ring is 
measured in_ . 

e. To remove a lens, the 



on the lens barrel is aligned with the 
catch. 

f. To rewind film you must set the 

— i lever in the.. 

position. 

g. When using electronic flash, you should 
not use a shutter speed above ■ . 

>h.The "Leica" has ~a r: 



shutter. 



j. You should^ not use .a shutter speed 
below L without a tripod. 

k. Of the standard lenses jthat come with 
the M-2, the widest angle of coverage is 
provided by the ' lens. 

I. If you point your camera towards the 

sun you, may a 

in the shutter. 



i. A 



how many shots you have taken. 



tells you 



m.You should the camera 

after it has been exposed to rain and 
snow. 

n. A lens provides the 

narrowest angle of field of the three 
standard M-2 lenses. 

o. All short peak flash units are 
synchronized through the outlet marked 
by a . 



225. Complete statements about 
nomenclature and procedures of operation of 
the "Nikon" F camera. 



The "Nikon" F. The "Nikon" F, as shown 
in figures 3-28 and 3-29, is a 35mm single lens 
reflex (SLR). The camera comes equipped 
with a 50mm f/1.4 automatic "Nikkor" lens. 
The lens is interchangeable through aobayofcet 
mount system. The viewfinder system is also 
interchangeable and, comes with a pentaprism 
and built-in, through-the-lens light meter. It is 
the large assortment of interchangeable lenses, 
finders, "meters, and attachments that has 
made the "Nikon" system so useful. 

Operation. We will review a few of4he 
major operating and handling procedures of 
the "Nikon" F camera. 
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Figure 3*28. Front view of the Nikon-F camera. 



Loading the camera. To, open the camera/ 
turn, the lock on the camera bottom to the 
open position (see fig. 3-30). The camera back 
is now unlocked and may be removed by 
sliding it from the camera body, Now make 
sure the A-R ring (fig. 3-31) on the shutter 
speed dial is in the "A" (advance) position so 
that the. shutter cocking mechanism is 
engaged. To load, place a film cassette into 
the camera and position it so that the top fits 
into the guide notch of the film rewind crank. 
Next, insert the end of the leader mtc the slot 
on the takeup spool so that the claw in th§ 
takeup slot engages the perforations of the 
film (fig. 3-30). Advance the takeup spool so 
that the film passes under the spool with the 
emulsion sfde facing outward (away from the 
spool core). Now replace the camera back and 
lock it. The camera is now.loaded, but^it is 
not yet ready for shooting. 



You should now shoot off two frames sq 
that the portion of the film exposed during 
loading is advanced. While you are doing this, 
make certain that the rewind knob rotates in 
the direction opposite to the arrow on the 
knob. This indicates that the film is correctly 
loaded and is prtigerly advancing. 

Focusing. To achieve sfiarp focus, turn the 
focusing ring on the lens to the right or left 
until the image in the finder is clear. To 
determine the exact distance from the camera 
to the subject on which you have focused, 
look at the figure on the distance scale, 
located on the lens barrel directly behind the; 
focusing rihg (see fig. 3-32). 

Setting shutter speeds. All shutter speeds 
are set with click stops on .the sel&tor dial 
(fig. 3-33). The dial turns' a 'full 360° in either* 
direction. Align the desired speed with' the 
white dot. At ttfe 4< B" setting, the shutter 
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Figure 3-31 . The A-R ring. 

remains open as long as the i shutter release is 
depressed. A cable release and a tnpod should 
bemused for shutter speeds slower than L/30 
At the 4 T" setting, the shutter* 
en after it is tripped. It is closed by 
tUrhine tHe shutter speed dial one-cliek in 
ection. An extremely sturdy supporik 
should be used for time exposure as thes^Jsr 
likely to be camera movement when th^ speed 
dial is turned. 

Aperture selection. Vhe "Nikon** F camera 
is designed to luse interchangeable 
Auto- 44 Nikkor M lenses) These lenses are so 
constructed that the diaphragm automatically 
closes down to 4 the taking aperture when the 
shutter button is depressed. After exposure 
the- diaphragm automatically returns to full 
aperture; consequently, the image \n the 
finder is always seen as bright and clear with 
the -exception of that instant when the shutter 



Figure 3-33. Shutter speed settings. 



is released for exposure. To set the aperture, 
all you need to do is tum the aperture ring to 
the desired f/number. The f/number should 
be opposite the black indicator dot on the 
milled ring. Also, the diaphragm may be set 
for intermediate stops (half stops) -when 
exposure is extremely critical. 

Film advance lever. A single motion of the 
film advance lever does three important 
<hings. In one movement (1) the film is 
^ need, (2) the shutter is cocked, and (3) 
the film exposure counter advances one 
frame. To operate the film advance lever, use 
the thumb of your right hand. Move the lever 
as far to the right as it, will go. Remember, if 
tRe lever has not been advanced completely, 
the shutter button cannot be depressed, and 
the shutter will not operate. 

Unloading the camera. As the last frame on 
the roll*is reached, a strong . resistance or 
reverse pull is felt' in winding. Once this pojnt 
is reached, you should make no further effort 
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Figure 3-32. Focusing nng. 



Figure 3-34. Rapid rewind crank! 
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Figure 3-35. Depth-of- field scale. 

to adtfaxW^the film. All you need to do to 
rewind thefillirvis turn the A-R ring to, the 
"R fc \j>osi#on, lift up and unfold the rapid 
rewmcT crank, an^tum it in the direction of 
the arrow isee' fig. 3-34). As the film is being 
rewound, you feel a slight pressure caused by 
the film being wound back into the cassette. 
Keep winding the film until this pressure 
stops. To insure that the film Is being wound 
into the cassette, check the red dot on the 
shutter release button. It should revolve as 
you rewind. When the red dot stops its 
motion, all of the film has been wound into 
the cassette. Open the camera back- and 
remove the film' cassette. 

Depth of fpd. "Nikkor* lenses have 
color-coded depth-of-field scales engraved on 
their lens barrel opposite the distance scale, 



Figure 3-36. Depth-of-field preview control. 

permitting easy viewing and reading of^fte 
depth of field for a selected aperture. Two 

> sets of differently colored lines, one on either 
side of the black indicator line, represent 
different f, stops. The lines are color coded to 
'match the color f-number fjgures on the 
aperture scale. *As an example, when you are 
using the 50mm lens with the distance scale 
indicating 30 feet, tfie depth of field at f/8 is 
Sftween 15 feet and infinity, as shown in 
figure 3-35. This indicates that the image 
should show a range of acceptable sharpness 
between 15 feet and infinity. 

& A depth of field preview button is located 
on the front of the camera (fig. 3-36). Press 
the button and the diaphragm closes down to 
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Figure 3-3^ The Nikon-F camera^wuh Photomic FTN finder attached. 
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the preselected taking aperture. This allows 
you to "see" the depth of field at the selected 
aperture. Release the button and the 
diaphragm returns to its original position 
(fully open). The preview control is 
independent of the shutter release and cannot 
cause accidental exposure. A word of caution: 
Do not release the shutter while the depth of 
field preview control is being depressed. This 
causes the inside reflex mirror to remain in 
the UP, or "taking" position after the 
exposure. Make another exposure to return 
the mirror to the riormal viewing position. 

Using the "Nikon" Pf\ptomic FTN finder. 
•The "Nikon" Photomic FTN finder 
incorporates a center-weighted Cds exposure 
meter, ,£hich couples to the camera's lens 
aperture diaphragm and shutter speed 
controls. It makes possible easy, accurate 
throagh-the-lens exposure measurement tsee 
fig. 3-37). 

The finder is powered by two 1.3-volt 
mercury' batteries located in the battery 
chamber on the bottom of the finder. To 
check the batteries, press the meter switch-off 
button and observe the needle in the window 
on top of the finder. If the*needl£ swings to 
the center circle or beyond, the batteries are 
still in good condition. To replace weak or 
worn-out batteries, unscrew the cap over the 
battery chamber and the batteries will drop 
out. Make sure that the positive ( + j side faces 
out when new batteries are installed. 

The Photomic takes advantage of the 
'automatic* diaphragm feature of "Nikkor" 
lenses to measure light with the lens wide 
open. Full aperture metering gives a bright, 
clear finder image for viewing and focusing 
and minimizes the effect of light entering the 
viewfindfer from the rear. In order for the 
s W{er to— ifi^ure exposure at full aperture * 
witn1e*tf£»s?<£f different maximum aperture, it 
must be coupled with the maximum aperture 
of the lens in use. This is done, each time the 
lens is attached* or changed, by turning the 
aperture , ring of the lens through its entire 
range. 

With the lens mounted on the camera, twist 
the aperture ring counterclockwise, then 
elofckwise as far as it will go. This meshes the 
coupling prong on, the lens with the pin on 
the FTN finder and adjusts the meter for the 
maximum aperture of the lens. The 
adjustment can be verified by checking the 
maximum aperture scale on the front of the 
finder. The scale has a range from f/1.2 to 
f/5.6. For example, if the 50mm f/1.4 lens is 
mounted on the camera, .the red index mark 
should appear between L2 and 2.8. 



To set the film speed, lift and turn the 
milled ring around th£ ASA film speed dial, so 
thaLt^ red triangular index' mark on the ring 
lincWSp with the number corresponding to 
the ASA rating of the filnr loaded in the 
camera. The film speed dial covers a range 
from^ ASA 6 to 6400. There are two dots 
between each pair of numerical marks for 
approximate intermediate settings, such as 
ASA 64, 80, 340, e&. 

To operate the meter, switch on the meter 
circuit by pressing in the raetertwitch-on 
button located On the side of the finder. The 
meter switch-off button vill then pop up and 
a red line around its circumference will be 
visible. This serves as a warning that the meter 
is on. To tum off the meter, depress the top 
button until the red line is no longer visible, 
and the meter switch-on button on the side of 
the finder pops out. Do not leave the meter 
on for long periods of time unnecessarily 
since the batteries are being drained as long as 
it' is turned on. 

The Photomic uses a center-weighted 
through -the-lens metering system that reads 
the light over the entire focusing screen but 
favors the central portion of the screen. This 
means that it is possible to get correct 
exposure in situations where an average 
reading of the entire screen would result in 
underexposure of the main subject— with, 
strongly backlighted portraits, for example/ 
Since measurement is always done at full 
aperture with Auto "Nikkor" lenses, the 
viewfinder image is bright and clear. 

The correct exposure is found by centering 
the meter needle, either in the* V-shaped 
notch which is visible in the viewfinder, or at 
the central mark located beneath the window 
on top of the finder. Turn either the shutter 
speed selector or lens 1 aperture ring until the 
needle is centered. For fine adjustments of 
less than one f/stop, use the lens aperture 
ring, since it provides ' intermediate settings 
between the marked f/numbers. The shutter 
speed selector is not set for intermediate 
values. The shutter speed in use appears in tljre 
viewfinder, so the shutter speed can be t 
adjusted \shile you are observing the exposure 
meter needle. 

Under* extremely low light conditions, the 
meter needle may center at the 44 B" setting on 
the shutter speed selector. If this occurs, the 
correct exposure time is 2 seconds. If the 
needle centers at "T," exposure time is SL 
seconds. If the needle cannot be centered.^ 
still moyes piratically after all possible 
aperture-shutter l&5feed , combinations " have 
been_ tried, then We ligfit is too bright or too 
dim for the meter. 




when you are centering the needle. Otherwise, 
, unimportant bright or dark areas may 
"influence the exposure reading If an 
off-center composition is desired tyour main 
subject is.not in the tenter of the photo*, first 
**** measure the hgh; striking the mam subject 
and set the aperture and shutter speed to 
center the needle Then move the camera 
until the desired composition appears in the 
view-finder. 

To ensure accurate readings under any type 
of light condition, it. is important for you to 
kee£~ stray light out of the finder by using the 
finder eyecup. 

When using bellows extensions, preset 
lenses or auto lenses without the coupling 
prong, the stop-down method of exposure 
measurement must be used. This means 
measunng exposure with the lens stopped 
down to the taking aperture. With the 
Photomic in this case, the meter coupling pin 
must first be pushedup*rfito the finder so that 
the red index on-^ttemaximum aperture scale 
springs to f'5.6. Mount the lens or 
lens accessory set ug to the camera and 
switch on the meter in the usual way. 

Changing lenses. To remove a lens from the 
camera's bayonet mount, support both 
components firmly as shown in figure 3 : 38." 
Depress the lock button, then turn the lens 
barrel clockwise to line up the black dots of 
the aperture indicator and on the camera 
body. Remove the lens carefully to avoid 
damage. j 

PRECAUTION: Do! npt expose the open 
camera to the sun. ProV^ctthe inside by using 
a body cap when no lenTTsSftsdilled. Cover 
the unattached lens with* both front and rear 
caps and carry it in a case until it is installed. 



Reinstall lenses by aligning the black dots, 
then pressing the lens in. Turn the lens 
counterclockwise until it clicks into position. 
Never use force during removal or installation 
of camera components. 

Flash sy nchron ization. Flash 
synchronization, ajways critical, becomes 
exceptionally important when you are using a 
focal plane shutter such as the "Nikon" F. 
The most obvious errorjs the use of shutter 
spiieds wh>ch are shorter than the flash 
duration. This lack of synchronization results 
in only a portion of the film format being 
exposed to the light produced by the flash. 
Focal plane shutters pass light through slits to 
make the exposure. These' slits vary in size 
from very narrow at fast shutter speeds to the 
full width of the focal plane at slow speeds. 
Flash duration must be. at least as long as the 
minimum time required for the shutter 
aperture to cross the focal plane. 

The "Nikon" F has a color coding feature 
which aids you in selecting the proper 
synchronization for each shutter speed/flash 
combination. All that is , necessary, after 
removal of the Photomic finder, is for you to 
raise the selector ring on the center edge of 
the shutter speed dial, then rotate it. When 
the dot or letter^ m the selector window 
match the color of the selected shutter speed, 
proper synchronization has been set. 

The guides in the selector window (fig. 
3-39) are green or red dots, a white dot with a 
red F, dr a white, F and red X. Shutter speeds 
from B through 1/30 are marked in white on 
the shutter speed selector dial. 1/60 second is 
marked in red. Speeds of 1/125 second or 
faster are all in green. 

Flash lamps are assigned to class FP (focal 
plane), M (medium peak), MF (miniature, fast 
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Figure 3-39. Synchronization coding. 
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peak), and X (electronic). The chart below 
describes the proper selection of shutter 
speeds and synchronization for each class of 
flash. 



Clas« Shutter Speeds 



1/1000, 500, 250, 125, 60, 30, 15, 8, 4, 2, 1, B 

FT ( Green Dot ) (Red Dot) (White Dot and Red F) 
M (Green 

Dot) (RedlDot) (White Dot and Red F) 

MF (White Dot and Red F) 

X ( White F and Red X ) 



Cleaning. The exterior of the camera body 
should be wiped with a soft cloth after each 
use to remove moisture and dirt which may 
have been transferred from your hands. 
Although there is little chance of damage to 
the camera from brief exposure to damp 
weather, it should be dried as soon as possible 
after it's used in rain or snow. Use a soft 
brush or air bulb to remove dust and dirt 
particles from the inner camera. Wipe the film 
pressure plate clean. Insure that no bristles, 
lint, or film particles remain inside the camera 
after cleaning. 

DO NOT exert any force against the 
shutter curtain. It is made from extremely 
thin 4 titanium foils and may be damaged 
easily. 

DO NOT apply* excessive pressure against 
the mirror. # - #l 

- Clean the lens and mirror first with the air 
syringe or brush, then, if necessary, with lens 
tissue.. With proper handling, you should 
never need to wipe spots from the reflex 
mirror. Clean spots from the lens surfaces 
with lens cleaning fluid and lens tissue. The^ 
interior of the camera should be protected 
from moisture at all times. Be very careful not 
to scratch the viewfinder screen dunng 
cleaning. Its plastic material is damaged easily. 
Never attempt to disassemble the lens unit. 
This is a job for highly qualified, camera 
maintenance personnel, as is any oiling which 
may be necessary. 



Exercise (225): 

1. Complete the following statements on the 
operation of the Nikon F. 

a. The Nikon F features a , lens 

mount. 

b. When you are taking pictures, the A-R 

ring should' be in the 

position. 

c. In the position, the shutter 

remains open as long as the shutter 
release is depressed. 



d. Due to lenses with 

the image in the finder 

remains bright except at the exact 
moment of picture taking. 

e. When you want to rewind your film, the 
A-R ring is in the posj^ion. 

f. By engaging the depth of field preview 
button, the diaphragm closes down to 
the . 

g. The FTN finder is powered by two 
• volt mercury batteries. 

h. The FTN finder incorporates a 
- cds meter. 

i. To close the shutter in the - 

position, you must turn the 

dial. 

j. Correct exposure is indicated when the 

meter needle centers in the , 

shaped notch, 
k. If the meter needle centers on "B" the 

exposure time is — ; • 

1. Using a shutter speed than 

the flash duration results in image 

cutoff. 

m. When using FP bulbs and a shutter speed 
of 1/500, you should use the 

* setting. 

n. The shutter curtain is made of 
and is easily damaged. 



3-3. Press-Type Cameras 

The type of camera used to accomplish the 
majority of the photographic assignments at 
any photo lab depends primarily on the lab's 
mission. However, most photo labs depend 
> heavily on the press-type camera. The 
relatively large negative format, combihed 
with portability and versatility, makes it the 
workhorse of the Air Force. v 

The press-type camera is used for hand-held 
operation under a wide variety of conditions 
•which require a maximum speed of operation. 
Although the design of the camera is such 
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Figure 3-40 Graflex Super Speed Graphic camera (front view). 
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that it work\ideally for eye-level operation 
while held in your hands, you can also use it 
on the tripod in much the same manner as the 
view camera is used. The press camera, 
however, does not have all of the many 
adjustments of the view camera which are 
necessary for full perspective control. , 
Th2 traditional type press camera for the' 
Air Force has been the 4 x 9 graphic type. In 
this section, we will disouss the operation of 
the Super Speed Graphic, which is 
representative of this type of camera. 

226. Distinguish between accurate and 
inaccurate statements concerning the 
description, operation, and use of the Super 
Speed Graphic. 



le Super Speed Graphic Camera. The 



all-metal Super Speed Graphic offers a 
number of advantages over earlier models of 

-similar cameras. Some of these advantages 
include reduced weight and size, a greater 

.range of shutter speeds (1/2 second to 1/1000 
of a secbnd), provision for coupling the 
rangefinder to lenses of different focal 
lengths, electrically -operated shutter, and 
built-in flash computer. 

As we take a closer look at the features of 
the Super Speed, refer to figures 3-40 and 
3-41 and identify the various components as 
follows: 

a. The sports viewfinder eyepiece is 
mounted on the back of the camera. This 
eyepiece positions your eye for composing 
the picture through the sports viewfinder 
frame attached to the front standard. To aid 
you in correcting parallax so that the lens sees 
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Figure 3-41 Graflex Super Spi 

what your eye sees, the eyepiece is calibrated 
for infinity, 15, 8, and 5 feet. 

b. The battery compartment holds two 
lib-volt batteries to supply the electrical 
power used to trip the shutter. 

c. The rangefinder is an integral part of the 
camera body and uses interchangeable cams. 
With the proper cam , in position, the 
rangefinder and focusing scale pointer 
indicate the true focus of the lens being used. 

d. When the electric shutter tripping 
butfon on the camera is pressed, the heavy 
duty solenoid (electromagnet) Concealed in 
the frame beneath the lens board depresses 
the mechanical link built into the lens board 
assembly and trips the shutter. 

e. The focusing scale pointer on top of the 
camera is controlled by the rangefinder cam. 
No setting or other adjustment is necessary 
after the correct cam has been inserted into 
the rangefinder. 



d Graphic camera (rear view). 

/". An adjustable flash exposure scale 
combined with the focusing scale on top of 
the camera automatically indicates the correct 
diaphragm opening for normal flash 
exposures. * 

g. Aj\ accessory optical viewfinder is 
mounted on top of the camera. It provides 
another method of evaluating what the 
camera lens sees. Note that this eyepiece is 
also adjustable for parallax correction. 

h. A ground glass at the rear of the camera 
is used as an exact image viewing device when 
such exactness is desirable. 

Opening the camera. To open the camera 
you should follow these procedures. 

(1) Pull up either or both of the knurled 
focusing knobs on the face of the bed. This 
releases the bed so it can be pulled down. 

(2) Pull down the bed until it locks in the 
horizontal position. 

(3) Rack the track oack on its stop. 

> 



(4) Swing the front standard lock lever out 
straight. • 

(5) Pull the front standard outward on the 
track to* the infinity stops. These stops are 
hinged and when being used should be in an 
upright position. • 

(6) Relock the front standard. 

(7) Erect the sports viewfinder frame by 
pinching inward against the side of the coiled 
wire frame while simultaneously pulling 
upward as far as possible. 

(8) Swing the sports viewfinder eyepiece 
to an upright position and adjust it to the 
correct distance at which you are going to 
shoot. 

Camera operation. The best way to learn 
the operation of the Super Speed is by placing 
the camera on a tripod for ^ecure support. 
Then begin by aiming the camera. Pick out an 
object about 15 feet away. U*e the sports 
viewfinder to align and compose your picture. 

The sports finder is an integral part of the 
camera and is often used-ywhen speed is 
essential (suchvas in shooting sports events). 
Find the parallax scale. Note that the scale is 
graduated and movable. Since your target is 
15 feet away, you must set the scale at 15. 
This aligns the eyepiece with the lens and thus 

, corrects for parallax at this one distance. 

The next step is to focus the camera. You 
can do this by any one of three methods: (1) 
rangefinder, (2) ground glass, or (3) focusing 
scale. Let's take the rangefinder first. Look 
into the rangefinder eyepiece located on the 
upper rear edge of the camera. As you look 
through the eyepiece, rack the front standard 
forward until the subject, as seen in the center 
of the field, exactly coincides with the large 
stationary image of the subject. The image 
falling on the focal plane (the area where your 
film is located in the camera) will then be in 
sharp focus. 

Ground glass focusing is recommended for 
all critical photography, including copying, 
since it allows you to check sharpness of 
focus, depth of field, aim, comppsition, and 
the shape of the image exactly as they will be 
recorded on the film. To use the ground glass, 
all you have to do is press the latch down to 
open the focusing hood. The ground glass is 
located dinectly behind the hood. To focus, 
look at- the ground glass and move the 
focusing knobs back and forth until you see a 

- clear image of your subject. You have now 
focused the camera for that particular 
distance. 

The focusing scale is another method you 
can use to focus the camera. The scale is 
located on top of the camera and works 



directly with the rangefinder. As you rotate 
the focusing knobs, a needle or pointer moves 
along a calibrated scale. This scale is often 
used to focus the camera to some estimated 
distance. For exampj e^^you estimate a 
camera-subjecf distance tb-be 10 feet, set the 
scale to this distance. If you guessed right, the 
subject is in focus. 

The next thing to do is to decide if you 
should use a horizontal or a vertical format. 
To evaluate which format to use, apply the 
following rules: 

• If the subject is taller than it is wide, 
shoot vertically. 

• If the subject is wider than it is tall, 
shoot horizontally. 

depending on the chosen format, you may 
have to rotate the back. Locate the revolving 
VJ^ack release lever. To operate, push down on 
the lever with your left hand. With your right 
hand, rotate the back to the position desired. 
If you have chosen the vertical format, be 
"&re to have the film receiver of the revolving 
back facing upward. You can easily identify 
this by the location of the two metal tab's on 
the upper, outer edges of the revolving back. 

Now let's look at the shutter. We cover the 
operation of the "Graflex" 1000 shutter 
i because it differs from the operation of small 
Camera shutters. All controls are visible from 
the top of*the shutter and can be quickly set. 
No special sequence of operation need be 
followed when you use the "Graflex" 1000 
shutte*. All directions given (left and right) 
are from the front of the shutter. 

To cock the shutter you must turn the 
large ribbed ring, which 'also serves' as a lens 
shade, clockwise as far as possible. (The 
blades will not accidentally open in the event 
that the cocking ring is turned only part way 
and then allowed to turn backward to the 
V original position.) 

To trip the shutter, you may use an£ one 
of the following methods: (1) press the red 
release button at the top left side of the 
camera body; (2) press the red switch on the 
back of the flash battery case; (3) use a cable 
release screwed to the taped boss just above 
the shutter release lever; or (4) press the 
release lever at the side of the shutter. The 
shutter cannot be tripped unless it is fully 
cocked. \ 

To set the diaphragm^ move the lever at the 
top right of the shutter to the desired number 
(f/stop) on the diaphragm scale. / 

To set the shutter speed (either before or 
after cocking), turn the knurled outer ring 
until the red dot on the raised knurl is 
opposite the desired speed on the shutter 



speed scale. In making bulb and time 
exposures, use a locking-type cable release 
and set the shutter speed ring at "B." 

For a ground glass check of focus and 
composition, move the control lever at the 
lower left comer of the lens board (below the 
shutter release lever) clockwise to the "0" 
position. The shutter blades , and the 
diaphragm leaves will open_fully. To close, 
move the lever back to "C." 

If you wish to focus while you are 
adjusting the diaphragm, move the knurled 
shutter speed ring to "O" (next to "B"). Cock 
the shutter and trip. The shutter opens fully 
while the diaphragm remains at a preselected 
setting. You may then r adjust the diaphragm 
from, this position. This procedure is useful to 
determine the diaphragm opening for proper 
depth of field when you are focusing with the 
ground glass. To close the shutter, r.,ove the 
shutter speed ring away from "0 M to any - 
desired setting and recock the shutter. 

All you have to do now is load the camera./ 
To do this, fit the 4" x 5" cut film holder to 
the camera by sliding it under the focusing 
back as far as possible. The darkslide, when 



withdrawn, can be held In the darkslide clip. 
The darkslide clip is the* metal strip found on 
the h&ttom edge of the focusing hood. 
/dhsihg the camera. When the camera is 
|Teing dosed, the following procedures apply: 
. (1) Cl&se the sports viewfinder frame. 
P^fess^crfenlyvOn both sides or w> the top 
member^with the flat of the hand.^jp^ 

(2) Swing down the sports viewfinder 
eyepiece at the back of the camera. 

(3) If the front standard movements (rising 
front, lateral shift, or lens board tilt) have 
been used, return them to normal as follows: 

• Drop the lens board to the lowest 
position and lock. 

• Tilt the lens board back to its normal, 
vertical position and lock it. 

• Bring the front standard to a neutral 
ppsition. 

(4) Rack the bed yoke back to the limit of 
its movement. 

(5) Unlock the front standard and push it 
back into the camera body and lock it. 

(6) Press down on the bed braces to release 
the locking mechanism and close the bed. 
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Figure 3-42. View camera (front and side view). 
54 
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Figure 3-43. View camera (side and back view). 



Exercise (226): 

1. Identify each of the following statements 
concerning the "Super Speed Graphic" as 
true or false. 

a. The sports " view finder eyepiece is 
calibrated to correct for parallax. 

b. The battery compartment contains two 
10-volt batteries. 

c. Ground glass focusing is the most 
accurate focusing method. 

d. The "Super Speed Graphic" has four 
methods of focusing. ^ 

e. Rangefinder focusing is ideal for copy 
work. 

f. An optical viewfinder is used to evaluate 
lens coverage. 

g. The "Super Speed M ,has a revolving. back 
for either . vertical or horizontal 
composition. 

h. The sports viewfinder provides "accurate 
focusing for sports and ' other action 
events. 

i. The cocking ring .on the "Graflex" 1000 
shutter also acts as a lens shade. 

j. The control lever should be in the "0" 
position for ground glass focusing. 



3-4. View Cameras 

The view camera provides all of the 
functions necessary for precise rendering of 
the subject. Through the use of the camera's 
rising and falling front, swings, tilts, and 
shifts, the photographer has complete control 
over the composition of the subject. The view 
camera is ideal for architectural, engineering, 
and/portrait photography- The camera has the 
cap/ability for bellows extension to at least 
twibe the focal length of the lens, making it 
suitable for copy work and photographing 
small objects. Most Air Force view cameras 
use 4- x 5-inch or 8- x 10-inch sheet film. By 
mastering the view camera, you add a versatile 
tool to meet your photographic assignments. 



227. Briefly explain the function of swings, 
tilts, slides, falls, and rises as used on view 
cameras. 



View Camera Movements. A first glance of 
figures 3-42 and 3-43 may make the view 
camera appear complicated because of its 
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Figure 3-44. Vertical tilt. 



many movable parts. But once the principles 
of its operation are understood, it becomes 
the ideal camera for subjects requiring 
correction of perspective and increase of 
depth of field. 

The three basic rules that, once memorized, 



make the view camera less mysterious to use 
are as follows: 5 

s l. The rising,, falling, and sliding 
movements are used to control the position of 
the image on the ground glass (film plane). 
2. The vertical, tilt* and horizontal swing ot 
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A. DISTORTION OF VERTICAL LINES 





B. CORRECTION FOR DISTORTION 
Figure 3-45. Correction for vertical distortion. 
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Figure 3-46. Using horizontal swing adjustment to correct horizontal 
converging lines. * 

\ 



the camera back are used to control the shape 

of the image on the ground glass. 

3. The vertical tilt and horizontal swing of 

the camera front are usetLto control the focus 

of the image on the ground glass. 
' Combinations of the various movements 
may be made, but the purpose of <each should 

. be kept in mind. In describing the operation 
■ of the view camera/' features that correct 
distortion are described Erst.. * 

Vertical tilt hack. The vertical tilt back is 
used to correct distortion or perspective in 
the /vertical plane. Tilting the camera up 
results in a convergence (in the ground glass 
image) of the vertical lines of the subject (see 
fig. 3-44,A). This is quite apparent when yQu 
are photographing a, tall building. If no 
correction is used, the building loolcs smaller 
at 'the^top. Since the 'top of the building 
appears on^the bottom of the ground glass, 
loosen the locking knob of the vertical tilt 
back and pull the bottom' of the back to the 
rear. This increases the size of the tpp of the 



s 



building while decreasing the opposite end 
(see fig. 3-44 r B). Maximum correction is 
achieved when the film plane is parallel to the 
subject. 

When no vertical corrections are used, 
tilting the camera d<$wn results in a divergence 
(on the ground - glass image) of the vertical 
lines of the subject (see fig. 3-45,A). In this 
case, the top of the back is pulled backward 
to make the correction (see fig. 3-45,B). In 
both cases the vertical distortion has been 
corrected; however, the image may not' be in 
sharp focus all over because the vertical tilt 
■ front was not used. - 

Horizontal swing back. 'The horizontal 
swing back is used to 'correct distortion or 
perspective in the Horizontal plane. In 
photographing subjects from an angle, the 
horizontal lines have the appearance of 
excessive convergence. To correct for this 
* distortion, the camera b^ck is swung 
horizontally to a position more nearly parallel 
to the horizontal lines of the subject. Figure 
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"Figure 3-47. Vertical tilt front. 
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Figure 3-48. Using sliding front to center subject. 



346 illustrates how horizontal distortion 
^from the same point of yiew can t^e corrected 
or modified by using the swing back. ' 

'Vertical tilt front. The vertical tilt front is 
usee} to focus and increase the depth of field 
-vyhen the vertical tilt .back is set off center 
(see fig. 3-47). > When the vertical tilt back is 
tilted away from center, the filgi plane is not 
parallel to the image produced by the lens. Tp 
use the vertical tilt front, loosen the support 
arm knob and tilt the tens board forward or 
backward to bring the subject into focus on 
the ground glass; then fretighten the knob; 
This does not affect the shape of the ipnage, 
but it changes its position on the ground glassy 
By • alternately moving the back and froyjT 
tilts, the desired results can be obtained,. This 
displacement can also be compensated for by 
usingthe rising-falling fronti 

Hor&ontal swing froM The horizontal 
swing front is used to focus and increase the 
depth of field when the horizontal swing back 
is set ofl center,' as in the case of thcvertical 
tilt back. When the horizontal swing back is 
prjaced off center, the film is riot in the same 
plane as the image produced by the lens. To 
use the horizontal swing front, loosen the 
carriage lock knob and s^ing the front until 
the subject is in overall focus on the, ground 
glass. As* we stated when discussing the 
vertical tilt front, it is necessafcy to 
compensate for image displacement. 



Sliding front and back. The sliding front is 
used to center an object on the ground glass 
when the object is not directjy in front of the 
lens. If, after setting the camera on a tripod 
(when photographing a small part'or making a 
copy of a photograph}, you find that the 
subject is not centered, use the sliding front 
to center the subject instead, of moving the 
tripod (see fig. 3*48). 

If enough correction cannot be obtained 
with the front standard alone* it is possible to 
increase the correction by shifting the back 
frame in the opposite direction, as shown in 
\figrire 3*49. If this still does not give enough, 
correction, maximum correction majr b§ 
obtained, by loosening the pan head and 
swinging the camera body in" the same 
direction as the front standard and employing 
the horizontal swing of the. front and back 
(see fig. 3-49). The. sliding front and back .can' 
also be used to ' compensate for image 
displacement encountered When correcting 
.distortion' . ' * 

Rising-und'falling front Ap the sliding front 
was used to center the subject horizontally on 
the grbund glass, the rising-and-falling front is 
used to center the subject vertically on the 
ground glass, jipis" shown in figure 3-50. To 
operate, press tfie "rising front lock knob in, 
then turn it in to positiori the lens. When 
enough correction has been* obtained, release 
the ki}ob to lock 'tfie front in position. If 
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Figure 3-49. Sliding front Snd back combined with swing. 



21/ -433 




Figure 3-50. Centering the subject by using ruing front. 



enough correction cannot be obtained by this 
method, additional correction can , be 
obtained by swinging the camera bed up or 
down, while using the tilting front and back 
to keep the subject in the &me plane (see fig. 
3-51). The nsing-falhng front can also be used 
to compensate for image displacement 
encountered when you are correfcting for 
vertical distortion. 

CAUTION: Be sure to check each corner of 
the ground glass to insure that the entire 
image is still within the usable circle of 
illumination when you are making these 
adjustments. 

Depth of field control. In order to get 
greater depth of field than can be obtained by 
stopping down the lens aperture, the vertical 
tilt and horizontal swing front is employed. 
Stopping down the lens to very small 
apertures, while increasing the depth of field, 
results in a loss of definition. Use of the front 
tilt and swing permits obtaining depth of field 
in vertical, horizontal, or intermediate planes 
with the lens diaphragm at a larger aperture. 
This allows faster shutter speeds when 
necessary. The vertical tilt and horizontal 
swing of the lens board is ?ven more valuable, 
in closeup photography. 

Figure 3-52 shows control of depth of field 
through the use of the front tilt and swing. 
The lens has been tilted slightly toward the 
plane desired to be in sharp focus. The front 



is raised to bring the image into proper place 
on the ground glass. The adjustments for 
increasing the depth of field are very critical 
and must be watched closely on the ground 
glass. 

The tilt back can be employed to obtain 
greater depth, of field where two principal 
subjects are oh different planes (see fig. 3-52). 

By tilting the back of the camera (line CD 
to position' ED), the lack of parallelism 
between the back and subject plane is 
increased. This action increases the apparent 
depth of field. When the back of the camera is 
tilted at an angle to the plane that passes 
through the two points of focus that are at 
different distances from the camera (line AB), 
the effective depth of field is increased. 

CAUTION: On some shots this action is 
apt to increase the convergence of parallel 
lines and produce badly distorted images. 

Exercise (227): 

1. Briefly explain the function of each of the 
following view camera movements* 
a. Horizontal swing back. 



b. Horizontal swing front. 3 



c. Vertical tilt front. 
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Figure 3-51. Combined rise and tilt adjustment. 
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Figure 3-52. Increasing depth-of-field with the back. 



d. Vertical tilt back. 

e. Sliding front. 

f. Sliding back. 

g. Falling front. 

t 

h. Rising front. 



228. Complete statements ^about the 
description and operation of the "Calumet" 4 
x 5 view camera. 



4x5 "Calumet" View Camera. To 
understand view camera operation better, we 
now discuss the operation of the "Calumet" 
view camera, commonly found in the Air 
Force. 

The "Calumet" is available in two types. 
One 'type has a 16-inch bellows extension 
capability; the other model has a 22-inch 
bellows extension. Features common to both 
models include: * 

a. Aluminum frame. 

b. Vertical tats (30°) to correct distortion 
or increase depth of focus in the vertical 
plane. , 

c. Spirit levels, mounted on top of .the , 
camera back, which indicate when the camera 
is level. 

d. Horizontal swings (12°) on both front 



and back for horizontal distortion correction * 
and for increasing depth of focu^. 

e. Rising-falling front with a 3-inch rise or 
1-mch fall. (Image placement may be 
controlled on a vertical axis by the rising and 
falling front.) 

f. Horizontal slide for lateral (side-to-side) 
image placement. 

g. Revolving back, enabling the camera to 
be used not only in a vertical or horizontal 
position but at any point throughout a 
complete circle. \ 

h. Interchangeable metal lens boards. J 
i Quick-release ground-glas^fean^el^ing 

a big handle which, whei/^ puUedaown, 
relieves tension and opens the back to receive 
a film holder. 

;. Capability to accept standard film 
holders, plate holders, film pack adapters, 
"Polaroid" film holders, and roll film 
adaptors. 

Camera Operation. All view cameras are 
intended for normal operation on a tripod. 
Although this camera is comparatively light in 
weight, it still requires a sturdy support. 
Always check the stability of the tripod 
before installing the camera. 

To remove the camera from its case, grasp 
the tripod block and raise \t straight Up from 
the camera compartment. (The camera is 
carried upside down in its case.) Grasp the 
handle strap on top of the camera body as 
soon as it clears the case. Support the camera 
by its hatidle until you have guided the tripod 
block onto the tripod head and locked the 
two together with the screw. 

Study figure 3-53 for jthe location of the 
major features of the canier^ Although most 
cameras operate on theWne basic principles, 
you must know the procedures for each 
specifier type to avoid possible damage. This ^ 
knowledge can prevent accidental breakage * 
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through attempts to force operation of locked 
components or from failure to lock 
components in place. 
' The following are the basic components of 
the "Calumet" as shown in figure 3-53. 

I. Release levers for the front and rear 
standards— permit rapid 'focusjijg.JI 

' 2. Center locking screw— IbfcKS camera rail 
in tripod block. 

3. Bade locking screw, front locking 
screw— lock standards in position after 
focusing. 

4. Back focusing knob— positions rear 
standard. 

5. Rail knob— positions camera in relation 
to tripod. 

6. Front focusing knob— positions front 
standard. 

7. Ground glass frame release handle— for 
insertion and removal of holders. 

8. Rising front adjustment knob— locks 
rising/ falling front in desired position, 

9. Vertical tilt knob— releases front and 
locks in desired position. 

10. Horizontal swing knotr^releases for 
swing or horizontal shift, relocks in desired 
position. 

II. Clamping lever— locks revolving back in 
desired position. 

12. Monorail camera bed-supports front 
and rear standards. 

13. Tripod block— for attachment of 
camera to tripod. 

14. Focusing cloth clips-hold focusing 
cloth on camera during operation. 

Ground glass focusing. After you have 
positioned the camera to give the desired view 
of the scene, open the lens aperture. To move 
the front and back standards on the monorail 
to achieve sharp focus, do the following: 

• Loosen the front and back locking 
screws. For rapid focusing, lift £he focusing 
release lever, then slide the standard along the 
rail. . 

• Tum the focusing knobs to position the 
front and/or rear standards for focusing. 
Initial focusing should be done with the front 
focusing knob. 

Critical adjustment of image size. After you 
have - positioned the camera to give the 
approximate image size desired, slight changes 
in camera position may be necessary. You can 
adjust the camera position relative to the 
tripod block by moving the monorail within 
the tripod block. 

To move the camera forward or backward 
on the tripod, do the following: 

• Loosen the center locking screw. 

• Reposition the camera as necessary with 
the rail knob. 
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Figure 3-54. Loading the "Calumet." 

• Relock the rail with the center locking 
screw. 

• Adjust the focus. 

Loading the camera. Standard film holders 
are normally used with the "Calumet" view 
camera, and you can insert or remove the 
holders without disturbing the camera 
position (seue fig. 3-54). 

To load the camera, do the following: 

• Pull out the frame release handle until it 
reaches a right angle to the back and the 
rollers hold it in the depressions. 

• Insert the film holder, insuring that it ■ 
rests on the stops beneath the focal plane. 

• Release the handle, then allow it to 
return gently to the closed position T (Close 
the shunter before removing the holder's dark 
slide.) 

Corrective adjustments. As with any view 
* camera, the "Calumet" has adjustable 
positioning of components for correct focus, 
composition, and distortion controtT^By 
making appropriate changes in lens .and focal 
plane positions, you can use this camera tp 
produce sharply focused images which woul<5k 
be impossible with other equipment. Image 
placement on the film can be controlled, 
within limits, by the position of the front 
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standard. Distortion can be controlled by 
proper selection of camera position, lens 
placement, and front and back standard 
positioning. 

CAUTION: Do not use excessive pressure 
to tighten4ocktftg knobs. 

To tilt the front and/or rear standard. 
Loosen the vertical tilt lock knob, then tilt 
the standard into the desired position. 
Tighten the knob to maintain the required 
orientation of the standard (30° limitation). 

To swing the front and/or rear Standard. 
Loosen the horizontal swing lock knob, then 
swing the standard to the desired position. 
Tighten the- knob to maintain th^ desired 
amount of swing (12° limitation). 

To change the horizontal position of the 
front and/or back standard. Loosen the 
horizontal swing lock knob, then slide the 
standard to obtain the desired left or right 
location. Tighten the knob when the standard 
is properly positioned. 

To raise or lower the lens. Press the rising 
front lock knob in, then turn it to position 
the lens. Release the knob to lock the front in 
position. 

To rotate the back. Release the clamping 
lever, then turn the back to the desired 
position. Release the lever to retain the, back 
in the desired position. (Rotation is 
unlimited.) 

NOTE: Neutral positions ©f the horizontal 
swing and rotating back aie indicated by 
spring ball catches. The rising/falling front is 
in neutral when it is centered with the vertical 
swing lock knob. Vertical swing and 
horizontal shift adjustments are neutralized 
by aligning the standards with their 
supporting frames. > ^ 

Shutter operation. Once the camera is set 
up, taking the picture is relatively simple. 
Each t "Calumet" lens has its own leaf shutter. 
The shutter speed is set by rotating a ring 
until the, "V" indicator aligns with the desired 
shutter speed. The f/stop is set* by aligning a 
rotating pointer with the appropriate f/stop. 
The shutter is cocked by depressing a lever on 
the side of the lens. The shutter is released by 
using • a cable release (recommended for 
steadiest pictures) or by depressing another 
lever located at the top of the lens. The 
shutter also *has provision for , flash 
synchronization. 

NOTE: For composing, the shutter is 
cocked and then a button on the side of the 
lens is depressed to hold open the diaphragm. 
By setting the diaphragm to the largest f/stop 
you will have the maximum brightness for 
viewing. 



Exercise (228): 

1. Complete the following statements on the 
description and operation of the 
/ "Caliimet" view camera. 

a. The "Calumet" may feature either a 

or inch 

bellows. 

b. The "Calumet" has ? 

mounted on the top of the^ 

camera back to indicate whether the~ 
camera is level. 

c. Due to a , any 

type of vertical or horizontal 

. * composition may be achieved. 

d. The "Calumet" uses 

- focusing. 

e. A view camera should be mounted on a 
for use. 

f. The back focusing knob positions the 



g. Initial focimng should be done with the 
focusing knob. 

h. The "Calumet" lenses have 

shutters. > 

i. The "Calumet" features swing control/to 

degrees and tilt control' to 

degrees. 



3-5. Copy Cameras 

The term, copying, as used in photography, 
means the photographic reproduction of 
another photograph, drawing, map, chart, or 
similar flat-plane object. Reproductions of 
this type have a number of uses. Consider 
several examples. If a negative is lost or 
unavailable,, a duplicate may be made by 
copying a print made from the original 
negative. Valuable documents, if used 
constantly, soaij tjecome worn and illegible; 
however, by making reproductions through 
the process of copying, you can preserve the 
original. On some occasions, it may be 
desirable to reproduce the subject at a 
different scale or size; this change, too, can be 
effected by copying. 

Copy work, though it can be done by any 
type of camera, is best performed by 
specialized copy cameras. These cameras 
feature: (1) ground glass focusing, (2) both 
front and back focusing, (3) the necessary 
bellows extension to do at least 1-to-l scale 
work, (4) process far apochromatic lens, (5) 
copy board to mount the subject matter, and 
(6) a lighting system that can be adjusted to 
provide even lighting. In this section we point 
out the features of the "Princeton" Model 17 
which has thesp features. 
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Carriage lOC<»nO handle 

Figure 3-55. "Princeton" Model 17 Copy Camera. 



229. Identify as accurate or inaccurate 
statements relating to the description and 
operation of the "Princeton" Model 17 copy 
camera. 

"Princeton^^odel 17. To illustrate basic 
copy camera features, let us zero in on the 
"Princeton" Model 17, which is illustrated in 
figure 3-55. The "Princeton" is a gallery-type 
copy camera. The camera is used in the 
horizontal position for copying continuous 
tone or line originals, from lighted copy or 
transparencies, black and white, or color 
work. In the vertical position, the cameraJts 
used for photography of exploded views, solitf^ 
objects, printed circuits, and flat copy. The 
same base is used to support 4 the camera in 
both positions. Conversion from horizontal t<^ 
vertical position involves three actions: 
unlatch;* (2) pivot,*6nd (3) latch. S 

Major components. The camera assfembiy 
consists pi a lens carriage, back carnage, 
oversized bellows, camera back, adjustable 
light risers, and copyboard. All components 
are attached to two tubular guide rails, which 
extend the full length of the camera assembly. 
Control wheels on both the lens and back 



carriages provide precise movements of either 
lens or film positions along the tubular guide 
rails. A lockdown lever provides positive 
position control. 

Carriages. The lens carriage accepts 
standard as well as recessed lensboards. The 
back carriage accepts ^a variety of 
conventional reducing backs" as well as a zone 
controlled vacuum' back. 

Bellows, The bellows extends to 61 inches 
and contracts to a minimum of 11 inches. 
This extension accommodates lens focal 
lengths -from 14 inches to 17% inches and 
provides a VA to 3 l A magnification or 
reduction ratio. 

Camera back. The camera is equipped with 
a "Sta-Flat" back. The back contains agelatin 
coated plate mounted in a frame with a 
darkslide. A separate ground glass screen is 
used for focusing. Standard reversible camera 
backs, revolving backs, and 100-foot magazine 
backs are available as accessory items. 

Lights. Four 650-watt "Quartz-K|ng" 
lamps on risers attached to swinging arms 
provide a full range of lighting control, A 
remote timer control and timer cord complete 
the lighting assembly. 
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1- MAGNIFIER— Enlarges a portion of the image for 
sharpest focusing. Swings out of the way for 
normal viewing. 

2. VIEWER-Provides an accurate, full-sized image 
on hooded ground glass for composing and focusing 

3. CRANK FOR REWIND-Crank unfolds for ease 
of rewinding film into cassette, 

4. CAMERA CASE LATCH-Secures the removable 
camera back. 

5. CAMERA CARRIAGE LOCKING LEVER- 
Locks the camera carriage in final position after 
final focusing. Provides one-hand operating ease. 

6. CAMERA TRAVEL KNOB-Moves the camera 
on a helical gear and rack mechanism for 
easy focusing. 

7. LENS CARRIAGE TRAVEL KNOB-Large, 
easy to grasp knob provides quick and positive 
positioning of lens carriage. 

8. WORK TABLE (EASEL)-Provides level work 
area of steel for smooth positioning. 
Easy to keep clean. 

9. BASE-Cast metal housing for electronic flash 
light source. Design and finish both pleasing 
and functional. 

10. THREADED HOLES-Dnlled and tapped for 
8/32 slide holder thumb screws. / 

11. NAMEPLATE AND CONTROL PANEL-Gives 
unit identification and directions for proper 
switch positioning. 

12. READY LIGHT-Glows when the FLASH-VIEW 
switch is in the flash position, indicating that the 
Repronar is ready for copmg-the view light is off, 
and the electronic flash is ready to be fired. 

13. FLASH-VIEW SWITCH-ln flash position, the 
switch completes the circuit for firing the electronic 
flash with trie camera shutter release: in view 
position, the switch turns on the view light for 
illuminating the transparency. 

14. HIGH-LOW SWITCH-Controls power output of 
electronic flash, When in the HIGH position the 
unit deliver four times (two f/stops) the 
amount of light as when in the LOW position. 
The power output in the LOW position is the same 
as the previous models of the Repronar. 

15. ON-OFF SWITCH-Functions as the master 
switch for the' Repronar. The view light and 
electronic flash operate only when this switch is in 
the ON position. 

16. FILTER COMPARTMENT AND HOLDER- 
Filter holder slides in and out of the filter 
compartment easily, allowing insertion of filter 
without disturbing copy or opal view glass. 

17. LENS CAP-Protects lens when not in use, 

\ 18. APERTURE SELECTOR-Controls the 'action of 
the lens diaphragm. Pointer indicates working 
aperture which is printed on the Aperture 
Index Scale. 

19. f/STOP MARK-lndicates proper positioning of 
the diaphragm ring. 

20. DIAPHRAGM RING-Rotates (click stops) to 
pre-select the proper f/stop. The Aperture Selector 
will stop when being moved from right to left, 

at the position indicated by the Diaphragm Ring. 
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21. APERTUREJNDEX SCALE-Serves as an 
f/stop indicating scale for the Aperture Selector. 
Numbers on the scale represent full f/stops 
with half-stops indicated. 

22. BELLOWS- Allows freedom of movement 
between camera body and lens. 

23. CABLE RELEASE-Operates the shutter and 
fires electronic flash in synchronization. 

24. FILM ADVANCE LEVER-Advances film and 
cocks the shutter in readiness for the next 
exposure. 



Figure 3-56. Repronar 805 slide duplicating camera. 
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1. MAGNIFIER-Enlarges a position of the image 
for sharpest focusing. Swings out of the way for 
normal viewing. 

2. CRANK FOR REWIND-Crank unfolds for ease 
of rewinding film into cassette. 

3. APERTURE SELECTOR-Controls the action 
of the lens diaphragm. Pointer indicates working 
aperture which is printed on the Aperture 
Index Scale. 

'4. f/STOP MARK-lndicates proper positioning of 
the diaphragm ring. 

5. DIAPHRAGM RING-Rotates (clipk stops) to 
preselect the proper f/stop. The Aperture Selector 

v will stop when being moved from right to left, 
at the position indicated by the Diaphragm Ring. 

6. APERTURE ilNDEX SCALE-Serves as an 
f/stop indicating scale for the Aperture Selector. 
Numbers on the scale represent full f/stops with 
half-stops indicated. 

7. FILM ADVANCE LEVER-Advances the film and 
cocks the shutter in readiness for the nex.t exposure. 

8. LENS CARRIAGE POINTER-lndicates on the 
Exposure Calculator the magnification of the copy 
and the lens aperture for a normal exposure. / 

9. LENS CARRIAGE LOCKING SCREW-Locks 
lens carriage at selected position. 

10. APERTURE WINDOW-Shows correct aperture 
settings for different amounts of magnification. 

11. CAMERA CARRIAGE POINTER-lndicates 
settings to correspond with the lens carriage 
pointer, providing quick positioning of the camera 
for approximate tocus. From this position, focusing 



is easily completed while the sharpness of the 
image is observed on the ground glass. 

12. SHUTTER KNOB-Rotatefc as shutter is cocked 
(clockwise) and released (counterclockwise) 
Acts as selector for'T' and £" settings. 

\13. MOTOR DRIVE LOCKING SCREW-Locks 
motor drive in proper position. 

14. FILM INDEX WINDOW-Shows choice of 
film index. 

15. SELECTOR WHEEL-For selecting proper 
film index. 

16. MAGNIFICATION SCALE-LOWER-Used as 
reference points for the lens carriage pointer. 

17. CAMERA APERTURE BAR-Gives correct 
aperture for various amounts of magnification. 

18. MAGNIFICATION INDEX FOR APERTURE 
WINDOW-Used dereference points for 
exposure selection. * 

19. MAGNIFICATION SCALE-UPPER-Used as 
reference points for the upper pointer attached 
to the camera carriage. 

20. EXPOSURE COUNTER-Shows how many 
-frames have been exposed, indicates numbers 
from — 2 to 37. Automatically resets to -2 
when camera back is released. 

21. DOUBLE EXPOSURE BUTTON-Allows the 
shutter to be cocked for multiple exposures 
without moving the film. 

22. FILM REMINDER DIAL-May be used as a 
. reminder as to what kind of film is in the 

camera body. 



Figure 3-57. Repronar 805 camera and exposure calculator. 
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Copy board. The standard copy board, 
complete with pressure pad and cover glass, is 
24 inches by 24 inches. The copyboard pivots 
to a horizontal position for loading. 
Additional accessories are available for 
holding transparencies and conversion of the 
copyboarcf to vacuum-type operation. 

Base/storage cabinet The camera assembly 
is pivot hinged to a sheet-steel storage cabinet, 
which serves as the camera base. The legs of 
the base are equipped with pedal-operated, 
retractable, swivel casters. When the camera is 
located in^nal position, the casters can be 
retracted and the base may be bolted to the 
floor, if desired. 

Space requirements. The camera and base 
are 33 inches wide and 100 inches long. A 
ceiling height of 108 inches is required tf the 
camera is to be operated in the vertical 
position. A minimum floor space of 105 
inches by 148 inches is recommended to 
provide for operator movement about the 
camera. 

Power Requirements. 115 volts AC, 60 
Hertz, 2,600 watts. 

Camera Forfaat. 17 inches by 17 inches. 

Exercise (229): 

1. Identify each of the following statements 
regarding the description and operation of 
the "Princeton" copy camera as true or 
false. 

a. In the vertical position the "Princeton" 
copy camera is used to copy 
transparencies. 

b. In the ■ horizontal position the 
"Princeton" copy camera is used to copy 
exploded views. 

c. For focusing,- either the lens or the film 
can be moved. 

d. You can make a 100% enlargement on 
the "Princeton" copy camera. 

' e. The "Princeton's" copyboard is lighted 
by six lights. 

f. The copyboard can handle a 16- x 
20-inch photograph. 

g. The "Princeton" should b§ placed in a 
room with a 9-foot ceiling. 

h. The "Princeton" can use 8- x 10-inch 
sheet film for copy work. 

3-6. Duplicating Cameras 

In the Air Force there is an ever-increasing 
requirement for the production of slides for 
briefings, orientation of new personnel, and 
training aids. We can safely state that any 
subject that can be photographed or. copied 
can be readily presented as a slide. Therefore, 
the production of duplicate, slides in quantity 



is the main duplication task of a base photo 
laboratory that requires specialized 
equipment. There are presently a number of 
slide duplicating camera systems, but a 
common one that is widely available is the 
"Repronar" 805. 



230. Complete statements about the 
description and operation of the "Repronar" 
805. 



The "Repronar" 805. The "Repronar" 
805, illustrated in figures 3-56 and 3-57, is 
designed for color transparency (slide) 
copying. The instrument consists of a special 
purpose 35mm camera, an easel with slide and 
filter holders, an electronic flash light source 
with high and low output control, an 
incandescent light source for viewing the ^ 
transparency to be copied, and an adjustable 
exposure calculator. 

The camera is a single-lens reflex type with 
an f/4 lens designed for copying. It features a 
rapid film advance lever and film rewind 
crank. A shutter-cocking device permits 
multiple exposures. Both the camera and the 
lens carriage move smoothly on a helical rack 
to vary the magnification and to achieve sharp 
focusing. A ground glass allows direct viewing 
for composition, and a magnifier lens assures 
critical focusing. The bellows adjusts for 
copies of any degree of magnification from . 
4X enlargement to 1/2 reduction. (The 1/2 
reduction can be used to copy 120 2V4 x 2 1 /* 
transparencies onto 35mm film.) 

The exposure calculator is set by dialing 
the film value for the emulsion used in 
duplicating the slides. (Film value numbers 
are given in the instruction manual for 
different films.) The calculator has a camera 
aperture bar that indicates the correct 
aperture. The correct aperture is primarily 
affected by the film value and the degree of - 
magnification. 

The built-in electronic flash unit has a 
high-low switch in the base which permits a 
4X light ratio. The selection of high or low 
will influence the film value used to set the 
exposure calculator. 

Opfefation. The "Repronar' 1 camera is 
loaded (and unloaded) like other 35mm reflex 
cameras. Once the camera is loaded the 
following steps are ta^en to duplicate a slide: 

1. Set the on-off switch to the on 
position. 

2. Push the flash-view switch to the view 
position. 
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3. Be sure the film has been advanced and 
the shutter cocked before focusing and 
composing. 

4. Open the aperture selector to f/4 to 
give maximum illumination for viewing. 

5. Place the transparency to be copied 
emulsion down in the slide holder. (Color or 
black-and-white negatives, to be copied are 
placed emulsion up.) 

' 6. Establish the correct magnification by 
adjusting the lens and camera carriages. 
Composition may be established through a 
combination of magnification and moving the 
slide holder on the easel. 



7. Set the correct aperture as indicated 
by the aperture bar. 

8. Push the flashrview switch to flash. 

9. Depress the shutter release mjaking the 
exposure. / 

10. Turn the film advance lever a full 
stroke to advance the film and cock the 
shutter for .the next exposure. 

\ 

NOTE: To reemphasize, correct exposure 
and filtration depend on the duplicating film 
that is being used. The instruction book 
outlines starting points for calculation of 
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exposure. It is best to run tests to insure 
proper results. 

The "Repronar" is quite versatile. Both 
black-and-white and color films can be used. 
During duplicating, correction can be made 
for underexposure, overexposure, and color 
balance. Special effects can be created 
through the use of 'Sfcndwicftes (i.e., creating 
an image from more than one slide) 
■ vignetting, texturing, and cropping, etc. 



Exercise (230): 

1. Complete the following statements on the 
description and operation of the 
"RepronarV 805. 

T he "Repressor" uses a 

camera for copying. 

b. An provides 

- the exposure light on the "Repronar." 

c. Both the, and the 

move to vary 

the magnification and achieve sharp 
fecsi. 

d. By taking a reduction you 

can copy 120 slides onto 35mm film. 

yer<£he high switch on the electronic flash 

^ pfbvides an intensity 

greater than the low switch. 

f. A transparency to be copied *is r placed 
in tne^slide 

holder. 

g. Unlike most cameras, the "R<5pronar" 
does not have 1 speeds. * 

h. Color negatives are placed 

in the slide holder. 



3-7. Silent Motion Picture Cameras 

Though your job description emphasizes 
the use of still cameras and there is a separate 
AFSC for motion picture cameramen, 
nevertheless, there may be a need for silent 
* motion picture coverage. Such footage is 
likely to be used for local television news 
releases or perhaps in the support of training. 
The description of the B-l A that follows is an 
introduction to motion pipture camera 
operation. Since yoiyr use of motion picture 
equipment is likely to be infrequent, it would 
be a good idea to carefully review all 
operation procedures of the equipment 
assigned to you before going out on the 
mission. 



231. Complete statements describing the 
B-1A camera. 



The B-1A Camera. The type B-1A "Bell 
and Howell" 70-KM camera shown in figure 
3-58 is a compact, portable, motion-picture 
camera designed fpr use with standard 16mm 
film. Although no tripod has been included 
with the camera accessories, the earner^ is 
equipped with a bronze insert threaded with 
standard tripod threads. The surface of th<i 
camera around this tripod insert, or socket, if 
accurately machined for vertical and 
horizontal alignment. When mounted on a 
tripod the camera shows greater stability and 
permits smoother pans. , 

Provision has been made on the back of the 
camera frame for mounting a 400-foot 
magazine. The magazine is made of diecast 
^aluminum and weighs approximately three 
pounds. The .film chambers of the magazine 
are lined with velvet cloth and are 
precision-machined. Removable covers 
eliminate the possibility of light entering the 
film chambers during operation. 

A 24-volt, direct-current electric motor 
used for magazine operation is small and 
compact and can * be quickly and easily 
installed on the camera. This unit has a gear 
reduction of 21-to-l and weighs 
approximately Z x h pounds. A special cord 
plugs into* the two-prong receptacle on the 
Tide of the motor housing. 

The camera frame is a die-cast housing, and 
its rigidity assures accurate alignment of 
mechanism parts, lens and film-moving parts. 
All parts have been manufactured to within 
extremely close limits to assure the accuracy 
and precision which are necessary for even 
and constant speed .regulation. These close 
tolerances also assure accuracy of film 
registration at the aperture, providing steadier 
projected pictures. 

The film chamber of the camera 
accommodates film spools up to 100-foot 
capacity. The counter near the top of the 
camera frame accurately counts off each foot 
of film as it runs through the camera. The 
counter, can be set manually at the start of 
each run by turning the counter knob 
clockwise until three zeros appear in the 
window. The counter operates in the forward 
direction only and continues to run forward 
even when backwinding the film with the 
hand crank. This must be taken .into 
consideration and the footage calculated 
whenever the film is backed up. 

A rotating turret head with three lens 
openings permits the use of lenses of varying 
focal length or aperture. The lens mounts are 
threaded^ and the focal length accurately 
machined for standard .C-type, thread-mount 
lenses. The lenses can be shifted quickly and 
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easily into photographic position merely by 
rotating Jfcjte lens turret' in either direction. 
Index rollers locate the turret so that the axis 
of the lens being used coincides with the. 
center of the aperture. An , interlocking 
arrangement between ■ the turret and the 
camera starting-button makes it impossible to , 
operate the camera unless the axis of the lens 
is properly aligned with the aperture. 

Certain lenses cannot be mounted together 
on the lens turret because the longer lens may 
interfere with the field of the shorter lens. 
The following'chart lists those lepses that can 
be used togemer: 



Shortest Len«5 on 
Turret 



These longer lenses may be 
mounted on tne turretwith the 
shorter lenses' listed in the left- 
hand column, but they must be 
fqcrused on infinity to reduce 
their length to a minimum 



17mm 
i-in. 
2*in. 
3-in. 



1-in. 2-in. 

3-in. 



*4-in. 
4 -in. 
4*in. 



6-inf 
6-in. 



The viewfinder can be completely detached 
from the camera cover. The viewfinder turret 
accommodates the three objective lenses • 
which match the focal length of the camera 
lenses, and a spring-loaded detent positively 
Jocates the objective lens in line with the 
eyepiece of the viewfinder. A spacing block 
z between the camera cover and the viewfinder 
tunnel provides a means for eliminating 
interference when the magazine is installed On 
the camera. CJ 

When the turret is rotated to bnrW the lens 
180° from the photographing position, the 
lens then is iocated for focysing visually in the 
critical focuser. This device consists of a 
prism, a ground glass, and a magnifying lens. 
It gives the operator a magnified view of the 
center of the film frame* With this critical 
focusing device, the lens focusing mount cain 
be rotated until the image is sharp on the 
ground glass. Since the ground glass is in the 
same plane as the film emulsion, sharply 
focused pictures 'on the film are assured. 
Focusing also may be accomplished by 
adjusting the calibrated focusing scale on the 
lens mpunt to agree with the exact distance 
from lens to subject. 

For short, intermittent runs, the camera 
can be loaded with film and then operated 
with the spring motor. The powerful spring 
motor has a capacity of from 21 to 23 feet of v 
film on. one full winding of the winding key. 



Through' .a series of gears, a high-speed 
goven>or mechanism piaintiains a constant* 
nlrining speed throughout the Entire run of 
film. The standard running speed for silent 
motion pictures % is* 16 framea per second. In 
addition to these* speeds, tlje camera is 
calibrated to operate' at speeds of 8, 12, 32, 
48, and 64 frames per second. The speed is 
controlled by a dial located near the top of 
the camera frame *Where it is accessible for 
quick change from oae speed to another: The 
speed remains at phe setting uiftil chariged m 
and does not change of 'its own accord while,* 
the camera is in use: » , t 

The intermittent 'movement of the film &t 
the aperture is obtained wi^h a shuttle which ( 
enters and withdraws from the film at right' 
angles. This shuUle registers th£ -.position of 
the film at the aperture with - sufficient 
accuracy to, obtain steady pictures during 
projection, even on large screens. 

The camera shutter is pf the rotary-disk 
type with an opening of 204°. It is geared 
directly to the film movement mechanisrh arid 
cannot get out of synchronization. The 204°* 
opening allows an exposure time of 1/27 
second when the camera is running w 16 
frames per second. The following lists' the 
shutter speed at the various camera speed 
settings:** * '\ * 



Camera Speed 

8 frames per second 
12 frames per second 
16 frames per second 
24 frames per second 
32 frames per second 
43 frames per second 
64 frames per second 



Shutter Speed 

1/13 second* 
1/20 gecond 
1/2^ second 
- 1/40 second 
1/53 second 
1/80 second 
1/107 second 



The camera is started by pressing the' 
starting button located just in back Of the 
turret head. When the starting button* is 
released, the mechanism ,will stop with the 
shutter in a closed position. Only when the 
camera is allowed to run down, is there a 
possibility of the shutter stopping in the oper\ 
position. The starting button lock m&kes it 
possible to lock .the starting button in the 
<% run"* position. This is most useful when the 
camera is mounted on a tripod, because it , 
allows the operator to leave the camera and* 
enter the scene with the camera running./ . 



Exercise (231): * ' ; / ^ * 

1. Complete the following statements onthe^ 
description of the B-1A camera." "\ * * c ' /' 
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LATCH KEY 



c. You use a 
u£ing the 



_volt motor when 
.magazine. 



d. The rotating lens turret can hold 
lenses. 

e. If your shortest lens is 3 inches, the 

other two lenses should be 

and inches. 

f. The two methods of focusing the camera 
are . by using the 



.and the calibrated . 



Figure 3-59. B-l A camera (left view). 



a. The B-1A camera uses film. 

b. The film chamber will he'd a 
lOct magazine. 



g. The standard running speed for silent 

motion picture footage is 

frames per second. 

h. The B-1A has a 

.type shutter. 



SUPPLY REEL 



i. When the camera is set at 24 frames per 

^cend, the c hutter speed is 

of a second. 
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FEED SP^OC'E^ 




TAKEUP SPROCKET 
TAKEUP REEL 



Figure 3-60. R-l A camera {internal). 
. 71 



232. Identify principles related to the 
operation of the B-l A camera. 

Motion Picture Camera Operation. A 
motion picture camera ^r^cjuires careful 
operation to achieve maximunrperformance 
The following will be, a brief rundown on the 
major operational procedures in using the 
B-1A. 

Loading film. The camera must not be 
loaded or unloaded in direct sunlight. Find a 
shaded spot, or shield the camera from the 
direct rays of the sun with your body. Film 
which has been spooled for darkroom rather 
than daylight loading must of course be 
handled in a darkroom. Consider the 
following stpos when loading the camera. 

1. Remove the cover from ihe camera as 
shown in figure 3-59 and open the film gate 
by pushing the gate arm toward the back of 
the camera as far as it will go. An 
intermediate stopping point can be felt when 
the gate is partially open, but the gate arm 
snould be nushed on back until the upper and 
lower sprockets are drawn away from their 
guide shoes. 

2. Remove the spool of film from its metal 
container, and unreel about 18 inches of the 
film leader. On film where a paper leader is 
not provided, the first 6 feet of the film serves 
for threading and as a light-proof protective 
leader. * 

CAUTION: During this and ail succeeding 
operations, keep the film wound tightly. If it 
is permitted to loosen, light may enter and 
fog the film on its edges. The camera spring 
must be partially wound. j 

3. With the square hole in The spool face 
down and the leader feeding off the spool to 
the left, place the spool over the feed spindle. 
Make certain that the two floating film-guard 
rollers are outside the film. 

4. Thread the film around the feed 
sprocket so that it is between the upper 
film-guide shoe and the sprocket. Leader 
perforations must be engaged with the 
sprocket teeth, (see fig- 3-60). 

5. Place the leader in the film gate channel, 
shown in figure 3-60, leaving enough slack 
above to form the upper loop. The extreme 
top of the loop should be pbout 1/4 inch* 
from the metal camera shelL 

6. Leaving the lower loop approximately 
the same size as the upper loop, insert the 
leader between the take-up sprocket and the 
lower film guide shoe. Engage the sprocket 
teeth with the perforations in the leader as 
shown in figure 3-60. * 

7. Engage a pair of film leader perforations 



with the two shuttle teeth at the bottopi of 
the aperture plate. Make sure th^t thd leader A 
perforations still are engaged with tHe feed 
and takeup sprocket teeth and witn the 
shuttle teeth. Check to see that ihe upp*r and 
lower loops are still the proper size; thenlclose 
the film gate by pushing the film gate arm 
toward the front of the camera as far as it will 
go as 'illustrated in figure 3-60. \ 

NOTE: Be careful not to stop at ithe 
intermediate stopping point. The gate shduld 
be pushed up firmly against the film. The 
camera cover cannot oe installed unless the 
film gate is completely closed. I 

8. Moisten the end of the film and insfert 
into the hub slot of the takeup spool. Then 
revolve the spool in a clockwise direction to 
take up the slack in the leader, and place the 
spooi over the takeup spmdle. - , \ 

9. Test the correctness of the loading ana 
threading by pressing the starting button 
quickly and momentarily a few times; 
meanwhile watching to see that the leaden 
runs through the " sprockets and aperture \ 
channel and that ii ; " K e:ng taken up by the ^ 
takeup spool. Correct any errors which are 
discovered by this test. 

-NOTE: Avoid running off more than 6 
inches of film during the test. This 6 inches, 
together with the 18 inches used in threading 
and the 4 feet to be run off with the camera 
cover in place, complete the 6 feet which is 
cut off the roll (as a leader) when the film is 
developed. 

10. Install the camera cover and turn the 
two latches one-quarter turn to the closed 
position. The camera must not be opened 

> again, except in a darkroom, until the entire 
reel has been exposed, 

11. Turn the counter reset knob 
counterclockwise until three zeros are visible 
in the counter window. Then press the camera 
starting button and allow 4 feet of film to run 
through the camera. This 4 feet comprises tfre 
amount of film leader which was left on me 
spool when the threading and testing wis 
completed. Reset the counter to zero. Th^ 
film now is at the aperture and the camera is 
ready for spring motor operation. t 

Winding the spring motor. When operating 
the camera without the electric motor and 
magazine, the driving spring must be woumj 
to provide "power" for the camera. Wind tne 
spring by turning the winding key in a 
counterclockwise direction until a definite 
mechanical resistance is encountered. Do not 
force the spring. Because of the ratchet design 
of the keyu the same backward and forward 
motion employed vffien winding a watch may 



be used in winding ttfe spring. Grasp *the 
viewfinder tube firmly with the left hand and 
the winding key with the right. After winding, 
fold the key flat against the side of the 
camera. If left erect, the key will rotate as the 
camera runs. 

NOTE: It is always advisable to wind the 
motor fully after each operation of the 
camera. Thus, the full capacity of the notor 
is available at all times in case an unexpected 
demand for an extended run of' film should 
arise. 

Focusing the lens. Th* !?ns -sir: re 
adjusted so tnat it will focus sharply on ?r.e 
subject being photographed. Measure as 
accurately as possible the distance from the 
lens to the subject. A knurled ring around the 
lens >s calibrated for wrous distances. 
Kevo've ^r.s ring un'.J the designated ciitance 
is aligned with the index mark on the lens 
housing. The lens then will be sharply focused 
at a point corresponding to this number of 
feet from the film plane. It is desirable to 
check this setting of the lens focusing rfftnmt 
before "vrp:r* is mid 5 \ 
Csi.*g che cnticai focuser. The camera aisd 
may be focused by using the critical focuser. 
Revolve the turret head 180° to bring the lens 
jvivj^Ti xS lo be Tocui>ed around to the critical 
/focuser on the right-hand side of the camera. 
This brings the lens in position to focus the 
linage on a ground glass within tre focuser, 
and a *ens provides a greaciy magn^ied image 
of the central portion of the 9cene. With the 
lens diaphragm at its widest opening, sight 
through the focuser and manipulate the lens 
focusing ring m the usual manner until the 
image on tne ground glass is sharp. After 
focusing, return the lens to the photographic 
position. The critical focuser is to be used 
only for focusing the lens and not for 
composing the picture. Use the viewfinder for 
that purpose. 

Choosing the proper speed. The standard 
speed for running silent films is 16 frames per 
second and normally should be used for 
general photography. The slower speeds (8 
and 12/, are useful for speeding up sluggish 
action^ and for gaining greater exposure 
through the slower shutter speeds (1/4 second 
and 1/21 second respectively). The need for 
greater exposure is particularly true when 
light conditions will not permit exposure at 
the widest lens aperture during normal speed 
(16) operation. A speed of 64 frames per 
second will give a slow motion effect. A speed 
of 48 frames per second is used to f advantage 
for scenes taken from fast-moving objects. 
The 24 and 32 speeds are recommended for 
panoramic shots, because these speeds 



minimize irregular motions of the camera. 
The 24 speed is standard for running film and 
should be used regularly, if sound is to be 
added. 

Setting the camera speed. When operating 
the camera with the electric motor, the camera 
speed must be set above 24 frames per 
second. When operating with the spring 
motor, any one of the speeds from 8 to 64 
frames per second may be used. After 
selecting the speed most adaptable to your 
particular "usee., the camera speed dial 

accordingly. Ncra trat the outer knurled ring 
of the speed drJ rsvcives about the disc upon 
which the seven speeds are indicated. To 
adjust the speed, turn the outer knurled ring 
until its index mark coincides with the index 
»~.zrk notched Into the edge of the segment in 
which tne desired speed is stamped. 

NOTE: Changing the camera running speed 
affects the camera exposure time to a 
corresponding degree. Therefore, whenever 
the camera running speed is changed, the lens 
diaphragm setting also must be changed. 

Set::-.*::* * .'~*\rzgtT.. The' size r.3 
lens opening depends upon the speed at which 
the camera is set. The faster the speed setting, 
the greater the lens opening must be. Further 
consideration also must bs, given to the 
vanous lighting conditions and the various 
subjects being photographed. For example, 
the lens evening :s'ed when pnotographin** a 
marine scene on a bright, cloudless day woui J 
not need to be as great as when 
photographing the same scene under a heavy 
overcast. Use any approved motion picture 
exposure calculator to obtain the correct 
diaphragm setting to be used for your 
particular lighting condition, type of subject, 
and speed setting. Then adjust the lens 
diaphragm ring to the proper opening. 

Holding camera. Screw the stud of the 
support handle up into the tripod socket of 
the caipera.TSlip the left hand through the 
handle strap, and grasp the handle firmly with 
the strap supporting the wrist. Steady the 
camera by pressing it firmly against the 
forehead, meanwhile sighting through the 
viewfinder eyepiece with the left eye. The eye 
should be even with the viewfinder to 
eliminate squinting the camera with a rigid 
support. Hold the camera steady during the 
entire photographic opehition. 

NOTE: When using telephoto lenses, it is 
advisable to mount the camera on a tripod, 
because any slight movement of the camera is 
greatly exaggerated when the resultant 
pictures are projected. 

Setting the viewfinder. Rotate the 
viewfinqer turret until the proper focal length 



llj. 



objective lens snaps into position at the top of 
the turret. The area seen through the 
viewfinder eyepiece is now the same as the 
area being covered by the lens in use. 

Operating camera with spring motor. With 
the subject framed in the viewfinder, press the 
starting button to begin taking pictures. As 
soon as the button is pressed, the hum of the 
motor indicates that the earners is running. 
Hold the starting button down unta the scene 
is to be concluded— then release the button. 
Vhen the camera mechanism i* properly 
adjusted, it will run not less than 21 ieet ana 
not more than 23 feet of film on one 
complete winding of the mam drive spring. 
On extended runs of film, the starting button 
can be locked in the running position by 
molding down the starting button and then 
~2ssing in sorting outton iz*cn. xhe 
camera then continues to run until the drive 
spring has run clown or until the starting 
button lock is pulled outward, 

NOTE: When operating the camera with 
the dnvje spring motor, do not attempt to use 
ml^azme. The rr.nsrar.r.e must be used 
cniy in conjunction witn the electric motor* 

Operating the camera with electric motor 
and njagazine. When it is used with the 
eiectrifc motor and magazine, mount the 
camera on a tripod. The base of the camera is 
equipped with an insert which is threaded 
"Azh standard tnpo^i threads. Thus it is 
possioie to mount the camera on any stanoard 
tnpod. Make certain that the tripod is placed 
to give it the most solid footing possible. 
Remember that the camera speed must be set 
above 24 frames per second when using the 
electric motor and that the camera starting 
cutton must be locked down with the starting 
button lock. 

Safety locking device. If desired, the 
starting button may be locked to prevent 
accidental starting of the camera while it is 
not in use. This is accomplished by revolving 
the turret head until any one of the three 
index dots on the edge of the head is opposite 
the word "LOCK." When ready tp begin 
taking pictures, turn the turret head until the 
lens to be used is in front of the aperture 
when one of the index dots is opposite the 
word ••RUN." 

Using the hand crank. Use the hand crank 
for photographing only when the camera is 
rigidly and securely mounted on a tripod. 
Allow the spring motor to run down 
completely by looking the starting button in 
the running p'osition. Insert the hand crank 
into the hand crank housing turning the crank 
shaft until it engages m the lug within the 
housing. A full 100-foot roll ,-ef 51m can bfc 



exposed without a stop by turnihg the hand 
crank in a forward (clockwise) direction. The 
speed dial controls the camera running speed 
even when the hand crank is used. Therefore^ 
it is not possible to crank the camera faster 
than the speed for which the dial is set. 
Always craJjjk with a steady, even pressure. 

Backwmding the film. NOTE: For trick 
effects, such as lap-dissolves and 
superimposing titles on moving backgrounds, 
it is necessary tc backwind the film. The hand 
crank and remind knob ire suppliedJfor this 
purpose. Before beginning backwinding 
operation, place a lens cup or other suitable 
cover over the lens to avoid exposing the film. 
The spring motor must be run down at least 2 
feet before backwinding is possible. 

Hold the hand crank firmly to prevent 
'"onvarc movement of the film, and hold, or 
lock, the starting button in the, running 
position. Then turn , the hand crank 
counterclockwise to backwind the film. Each 
complete revolution of the hand crank moves 
20 frames (1/2 foot) of film past the aperture. 
Limit the backwinding to two complete 
revolutions at a tane. ~e sure to release 
starting button after each hand crank 
operation. 

After each hand crank operation, press the 
rewind knob inward to engage it with the feed 
spool and turn the knob counterclockwise to 
take up the film on the feed spool. Be careful 
not to force the knob or the fiim may be torn 
or damaged. When using the magazine, film 
which was backwound may be taken up on 
the magazine feed spool by turning the upper 
magazine pulley in a clockwise direction. 

The above steps may be repeated until the 
desired amount of film footage has been 
rewound on the feed spool. 

NOTE: The camera counter is directly 
■geared to the camera mechanism, and it 
moves forward even when the hand crank is 
winding the filrt in reverse. After 
* backwinding, therefore, make a note of the 
amount of film which was rewound' and 
multiply that amount by two. When the 
counter indicates that the end of the roll of 
film has been reached, you will know that 
there is still a small amount of film which can 
be run. For example, if t during the course of a 
100-foot roll of film a total of six feet has 
been backwound, twelve feet of film will be 
left on the roll even though the counter 
indicates that the entire roll has been run. 

Making double exposures. To make a 
simple double exposure (in which the same 
length of film is exposed twice), complete the 
first exposure by pressing the camera starting 
button. Then place a lens caj? over tfie lens 



?uid backwind the film as instructed in the last 
paragraph. After the film has been 
backwound, once more start the camera. This 
superimposes the two pictures. 

Fadeins and fadeouts. As the name implies, 
a fadein starts at the beginning of a scene with 
solid black and gradually becomes lighter 
until a picture of normal density is reached. A 
fadeout comes at the end of the scene and 
means that the picture becomes increasingly 
darker until it is totally blacked out. Fading 
can be accomplished by closing or opening 
the lens diaphragm. When working with small 
diaphragm stops on ^rightly lighted scenes, a 
fader attachment is desirable, because it is 
impossible with most lenses to stop the lens 
diaphragm down sufficiently to get a 
complete fadeout. Neutral density filters can 
be used to permit shooting the picture at a 
larger lens diaphragrfl opening, thus obtaining 
a larger range of diaphragm movement for 
making the fade. The neutral density filter 
does not affect either color or a 
black-and-white rende^ng. To make a fadein 
with the lens diaphragm, first set the 
diaphragm to its smallest opening. Place a 
finger over the end of the lens shade and 
allow the camera to run for a few frames. 
With the camera running, steadily remove the 
finger and slowly revolve the diaphragm ring 
until it reaches the setting for the correct 
exposure of the scene being^iotofgraphed. To 
create a fadeout at the end of the scene, 
Jowly revolve the diaphragm ring to its 
smallest opening. Then place a finger over the 
end of the lens shade and, after three or four 
frames, stop the camera. 




Creating a lap-di$Seteef A lap-dissolve is the 
transition from one scene. to another wherein 
the first scene fades gradually and almost 
imperceptibly into the second with no abrupt 
breaks. This is accomplished by 
superimposing a fadein over^a fadeout. Fading 
out can be accomplished by closing the lens 
diaphragm gxjadually, or by using a iader 
device. The film is then wound back to the 
start of the fadeout. The film is then started 
again with-. the fadein shot which requires that 
the diaphragm be gradually opened to the 
shooting aperture. 

Unloading the camera. After the counter 
indicates that a roll of film has been 
completely exposed and that approximately 
five feet of trailer has been run through the 
camera, the camera door may be removed. 
Take the spool of exposed film out of the 
camera, holding it firmly to prevent any 



unwinding or loosening. Place the spool 
immediately in the safety metal container in 
which it was received. 

CAUTION: The camera should be 
unloaded in a dark or shaded spot. In any 
case, do not expose the roll of' film to the 
direct rays of the sun. Film designated for 
darkroom loading and unloading must not be 
exposed to light. Hold the roll of film firmly 
so tl)at it does not unwind during the 
unloading process, as this may fog the edges 
of the film. Then place the exposed roll of 
film directly into the film can. 



Exercise (232): . 

1. Complete the fallowing statements on the 
operation of the B-1A camera. 



a. Daylight film loads are not loaded in 

sunlight. 

feet of film is used as l 
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b> The firs; 
leader. 

c. 
d. 
e. 
f. 



frames per second is the 

normal speect*for silent movies. 

frames per second is the 

running speed tor sound work. 
A very high shutterTpeed will give a 

. I \ effect. 

A very slow /Shutter speed wiil 



. upihe action. 



g. When the camera running speed is 

changed, the : must be 

changed to ensure even exposures. 

h. When using a telephoto lens, the 
camera should be mounted on a 

; otherwise camera 

movement will be = 



i. When using the electric motor, the 
shutter speed should be set at 
frames per second. 



J. 



A full hundred-foot roll of film can be 
exposed nonstop by use of a 



k. Fades can be 



the 
1. A _ 



accomplished * by 
or 



is 



transition where one scene fades in.to 
another. 

m. The critical focuser is used for 
and not for . 

n. To superimpose a title on a moving 

background you need to 

.the film. 

o. The counter moves forward even when 
you are . 
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Photographic Optics 



PHOTOGRAPHIC op.cs ^ ^science 
conCerM ^i M of lenses and with the way 

213. o a^crent^uch to the 
present state "Senses as to anything else, 
development of fine lensM ^ he 

A P hoto ^ p ^h^caoabUit?es and limitations 
your photographic assignments. 



n mrinced bv the lens at the focal 
the image fgj"*jy focused on infinity 

? lane ra W 5T) Tne optical center of a lens is a 
(see fig- 4-1 - lhe opu ^ rays 

rays from distant oojw. lens B 

nearly parallel atti tud e. woj 
focused at infinity, objects W 
nearest point of mfinity area! «g . m or 
The focal length is express m 
dimeters, and usually is engraved on the 
lens barrel. 



4-1. Focal Length 1 

i i ic a term that is used to 

-Focal length * a Jf ™ it * a term you 
identify every lens. Therefore, 
should be familiar with. 



Exercise (233): 

1. Define focal length. 



233. Define the term focal length. 

The term "focal length" is defined as the 
dislnce^om the optical center of the lens to 
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Figure 4-1. Focal length ©Hens. 
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4-2 Lens Speed and Aperture 

Lens speed and £ 

discussed. 

nni nrieflv explain how f/stops are 
SculaSd and effect that f/stop changes 
Sve on Sie amount of light striking the film. 

The ns? £ •jassft *° s: 

that permits light to passj-" 1 ^ ^ f the 
when the shutter is ope ^ £££ The 
aperture is ^°Ue^ a dmphngm ^ 

S l The acSS of the aperture for 
diaphragm. The actua. sz todicated by a 

^S^p^&h.en^edon 
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ERIC 



INFINITY 



=0= 

SPEED OF A LENS OR f/NUMBER : 
Figure 4-2. The f/numb«r of a lens. 



the diaphragm ring. You ' must have a 
thorough understanding of how these f /stops 
are calibrated because the f/stop or aperture 
setting is one half of the basic exposure 
formula. 

Calculating F/Stops. F/stops are calculated 
by dividing the focal length of the lens by the 
diameter of the aperture. This is expressed in 
the formula f (f/stop) = FL (Focal Length) 

D (Diameter). 
For example, if the focal length is 6 inches 
and the diameter of the particular aperture is 
1V4 inches, the f/stop setting would be,f/4, see 
fig. 4-2.,Because the f/stop is a ratio between 
the/ ^cal length and the diameter of the 
aper&re; all lenses set at the same f/stop, 
regardless of focal length, give the same 



intensity of light on the focal plane, all other 
factors remaining the same (see fig. 4-3). 

Using the formula FL/D as a basis and 
starting at 1, f/stops have been calculated and 
put into a series in which each successive 
number indicates an opening that admits 
one-half as much light as the opening 
indicated by ' the previous f/stop. These 
3 f/stops, sometimes called full stops, are 1, 1.4, 
Fl! 2.8, 4, 5.6, 8, 11, 16, 22, 32, 45, and 64. 

~ The important point to remember is that as 
the number increases, the amount of light 
admitted is double for each full stop. 

All good lenses have an adjustable 
diaphragm to control the aperture of the lens. 
As the diaphragm is rotated to change the 
aperture, the appropriate f/stop is aligned 
with an indicator mark. The f/stops marked 
on the lens barrel are not always full stops. 
Due to lens design they may start at a 
half-stop or a three-quarter stop. In such 
cases, the next f/stop is usually a full stop. To 
insure accuracy in figuring the exposure from 
one f/stop to the next, the full stops should^ 
be learned. 



Exercises (234): 

1. Briefly explain the 
calculation of f/stops. 



formula for the 



LENS A 



I INCH DIAMETER 
AREACT854 SQUARE INCHES' 



Z 31 -305 



LIGHT RAYS 
FROM SUBJECT 



IMAGE POINTS ARE 
EQU ALLY BRIGHT ON 

PLANES 



LIGHT RAYS J 
FROM SUBJECT N 




'y.-^t. 

V ^ 2 INCH DIAMETER 

AREA«3J4I6 SQUARE INCHES 
I (4 TIMES THE AREA) 
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Figure 4-3. Equal f/numbea produce equal intensities. ^ 
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PLANO- 
CONVEX 



PLANO- 
CONCAVE 

231-55? 



A 



V 



OOU8LE 
CONVEX 



DOUBLE 
CONCAVE 




MENISCUS 
CONVERGE 




MENISCUS 
DIVERGING 



Figure 4-4. Positive and negative lens types. 

2. Explain how changing to the next smaller 
or next larger f/stop changes the amount of 
light striking the film. 



235. State how lens speed is calculated. 

Lens Speed. Lens speed is used to express 
the light gathering power of a lens. A "fast" 
lens makes available a lot ' of light for 
exposure. A "slow" lens makes relatively little 
light available.. The speed of the lens is 
calculated by dividing the focal length of the 
lens by the diameter of the maximum 
aperture. For example, a lens with a focal 
length of 100mm and a maximum aperture 
diameter of 50mm would be called' a f/2 
100mm lens. If the diameter of the maximum 
aperture was only 25mm, the lens would then 
be a f/4 100mm lens. 

Normally, the faster lenses of a given focal 
length have more lens elements, are larger, 
heavier, and more costly. Fast lenses are 
helpful in low light situations or when slow 
speed film is being used. 



Exercise (235): 

1. Explain how 
calculated. 



the speed of a lens is 
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10. MAXIMUM FILM SIZE 

11. * ANGLE OF VIEW 

Figure 4-5. Circle of illumination. 
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Films con be moved within the usoble 
portion of the circle of illumination os 
shown by the dotted lines 

Figure 4-6. Angle of view. % 



4-3. Circle of Illumination 

The, circle of illumination projected by a 
lens is a concept that should be understood 
by all photographers and has important 
practical consequences to users of view 
cameras. 



2. Define the usable circle of illumination. 



236. De^ne circle of illumination and the 
usable circlST5^iUumination. 

Every positive lens projects a circular field 
of light. A positive lens converges rays of light 
toward the lens axis to form image points. A 
negative lens, which is unsuitable for 
photography, causes the rays to diverge. A 
positive lens is easy to identify because it is 
thicker in the center than at the edge, while a 
negative lens is thicker at the edges (see fig. 
4-4). If the circle of illumination is inspected 
from the center towards the edge, it is seen 
that at first the illumination falls off 
gradually; but out near the edge as the 
concentration of light rays diminishes, it falls 
off very rapidly. The usable circle of 
illumination is determined by including only 
that portion of the total circle of illumination 
that has sufficient intensity to produce 
satisfactory images. This usable circle of 
illumination sets limits on the film size that 
can be used and the amount of corrective 
adjustment (such as those found on view 
cameras) that can be made before there is a 
serious loss of quality (see fig. 4-5). 

Exercises (236); 

1. Define circle of illumination. 



4-4. Angle of Field and View 

Angle of field and angle of view are terms 
that are dependent on two concepts you have 
just learned: focal length and circle of 
illumination. « 

237. Define angle of field and angle of view. 



The focal length of a lens is a determining 
factor in the coverage of a lens. The 
maximum coverage of a lens is expressed in 
degrees as the angle of field. The angle of field 
of a lens is the widest angle at which light 
enters the lens and produces the usable 
portion of the circle of illumination. The 
maximum size of film that can be used with a 
lens depends on the angle 6f field, since any 
part of the film extending beyond the usable 
circle of illumination yields an indistinct 
image. 

The size of the film ordinarily used with a 
lenjf is also limited by adjustments of the lens 
ancHilm position. This necessitates the use of 
a smaller size film/ due to the iact that such 
adjustments sometimes move tfte film about 
in the circle of illumination or the position of 
the circle of illumination is \ changed by 
moving the lens. The angle of vieW of a lens is, 
therefore, the angle of light that\is necessary 
to provide adequate coverage of &e film that 
is being used. It is, therefore, n6ver greater 
man the angle of field. Review figure 4-5 and 
study figure 4-6. 
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Exercise (237): 

4 

1. Define angle of field and angle of view. 



4*5. Resolution and Definition 

Resolution and definitions are terms that 
are used to describe the "sharpness" or image 
quality produced by a given lens. 



238. Define .resolution and definition and 
briefly explain how they are determined. 



Resolution. The term resolution or 
resolving power refers to the ability of a 
photographic lens or material to record fine 
detail. The normal method of measuring this 
quality is to photograph a suitable test 
pattern at a^greatly reduced scale, and then 
examine the developed image under adequate 
, magnification to calculate the smallest detail 
that is resolved. Resolving power should 
usually be considered with respect to a 
lens-film, combination. The resolving power of 
a lens by itself indicates little as the final 
photographic product is necessarily a result of 
the combination. * 

The resolving power of a lens-film 
combination differs with variations in such 
factors as exposure, development, and subject 
contrast. Because of the effect of variables on 
the resolving power, the measurement is 
usually determined under strictly controlled 
conditions. Many different test patterns have 
been used by the photographic industry to 
" determine resolving power, and the Air Force 
cfosely regulates its measurement in 
determining lens quality. At the present time 
the ratings of resolving power are given in 
terms of the lines-per-millimeter that can be 
distinguished. 

The resolving power, as obtained for a 
given focus position at the various angles out 
to the corners of the sensitized material, is 
weighted by the percentage of the area of the 
zone, in which they occur, of the total area of 
the picture. This system of rating resolving 
power is known by the term "area weighted 
average resolution." The point that is most 
important photographically is not only the 
maximum resolving power, but whether the 
resolving power is ample over the entire 
format and over the range of densities or 
tones that are to be recorded when making 
the negative. 

Definition. The term "photographic 
definition" refers to the quality aspect of a ' 



9 

ERLC 



photograph that is associated with the clarity 
of detail. Since photographic definition is 
impression made on the mind of an observer 
when he views a photograph, the concept of 
definition becomes subjective and depends on 
the viewer. Definition is a composite effect of 
at least four factors: 

• Resolving power. 

• Sharpness. 

• Graininess. 

• Tone reproduction. ' , 



Exercises (238): 1 

1. Define resolving power and briefly describe 
how it is calculated. 



2. Define definition and briefly describe how 
it is determined. 



4-6. Coating 

How the front surface of a lens is 
chemically coated will affect its ability to 
resolve fine detail. Different manufacturers 
proudly herald how their lenses are coated to 
improve performance. So you should be 
aware of this idea. 

239. Describe the purpose of a tens coating 
and the proper cleaning procedures necessary 
to preserve the coating. 



For many years, it had been known that 
old lenses which had becorpe tarnished with a 
bluish coating actually transmitted more light 
than new lenses. It is now common practice 
to coat lenses with a layer or layers of special 
coating that minimize internal reflections, 
thereby reducing optical flare (reflections off 
the glass surfaces of the lens) and improving 
transmission. By examining the front of a lens 
you will notice a slight color tinge (blue, 
yellow, etc.); this is caused by the lens coating 
used by the particular manufacturer. 

Proper cleaning procedures should be 
observed to insure that this lens coating is not 
rubbed off. To clean a lens, first brush the 
surface with a fine brush to remove any 
foreign particles, then gently wipe the surface 
with a soft cloth or photographic lens tissue 
(not lens tissue for eyeglasses or wiping your 



in, 



nose), moistened with a recommendec ens 
cleaner. The lens can then be "polished" with 
a chamois. The key throughout the cleamng 
procedure is to avoid undue pressure or a hard 
rubbing action along the surface of the lens. 

Exercises (239) : 

1. What is the purpose of coating a lens? 



2. How should you clean a iens to prevent 
destruction of the lens coating? 



4-7. Normal Focal Length Lens 

Today, the photographer has a tremendous 
number' of lenses to chopse from to achieve 
the results he wants. Yet every came:- comes 
with a "normal" lens. 



/ 



240. Indentify the rute for calculating the 
focal length of a normal Jens. 

The normal lens is [considered to have a 
focal length that is J about equal to the 
diagonal dimension o^ the film being used. 
The angle of coverage of a normal lens is 
approximately 45°. Ndrmal lenses are usually 
the "fastest" lenses {hat are available and are 
therefore used for available light work. For 
the following standard film sizes, the 
following focal lengths are considered 
"normal." 1 



Film Sue * 
35mm 

120 (producing 2 1/4X21/4 image) 
120 (producing 2 1/4X2 3/4 image) 
4X5 
8 X 10 



Normal Pocal 
Length 

50mm 

80 mm 

90mm 
150mm 
300mm 



Exercise (240): 

1. What is the rule for calculating the focal 
length of a noripal lens? 



4-8. Wide Angle Lens 

TJhe wide angle lens has a 
shorter-than-normal focal length. That is, the 
focal length is less than the diagonal 
dimension of the film that is being used. Wide 
angle lenses have characteristics- which you 
should be aware of. 



24 1 . ^Complete statements about 
characteristics associated^ with the wide angle 
len«. 



One of the main advantages of the wide 
angle lens is that it covers a wider subject area 
than that covered by a normal focal length 
lens at a given lens-to-subject distance. 
Typically, wide angle lenses cover from about 
60° up to 180° for so-called "fisheye" lenses. 
This feature makes a wide angle lens the 
choice when you have a short iens-to-subject 
distance and you want to include as much of 
the subject as possible in the picture. Another 
advantage is that a wide angle lens has greater 
depth of field than the normal lens when both 
are used at the same lens-to-subject distance 
and apertute. This feature has made the wide 
angle lens a favorite of many photojournalists. 
They stop down their wide angle lens to a 
moderate aperture (for instance, f/11) to 
insure adequate depth of field at the average 
lens-to-subject distance they are using. Then 
they rely on depth of field ("zone foc«s") for 
sharpness rather than focusing each shot 
• during fast moving events. 

The advantages of the wide angle also 
create some problems to be considered. Tne 
wide angle coverage often produces a 
challenge to compose all of the picture ele- 
ments effectively. Many beginning photogra- 
phers choose a wide angle lens because they 
can get more in their pictures. This often 
leads to compositions that are confusing be- 
cause of an absence of a strong point of in- 
terest. This is particularly true since the relative 
subject size is smaller as compared to a longer 
focal length lens at the same shooting dis- 
tance. In addition, the wide angle creates dis- 
tortions resulting in elongation or curving of 
lines that may not be pleasing. Also, because 
of the complex nature of many wide angle 
designs, the lenses tend to be sharper in the 
center than at the edges. This necessitates 
stopping down the lens a- couple of f /stops to 
insure better sharpness. 

Taking everything into consideration, the 
wide angle lens can be very effective when 
shooting in cramped quarters, when covering 
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fast breaking news events, when 
photographing scenics, and for ob^ining an 
overall shot of the scene (establishing shot). 



Exercise ( 241 )i 

1. Complete the^f olio wing statemencs on the 
characteri$tid/of wide angle lenses. 

a. Wide anglevlenses have than 

normal focal lengths. 

b. At a given lens-to*subject distance, the 

subject will appear / l*vhsn 

using a wide angle lens/tha". one -vuh a 
longer focal length. / 

c. At a given aperture and lens-to-subject 
distance, you will obtain mojre 



wheh using a wide angle lens than when 
Uoin i a nornidi lens, 
d. Generally speaking, wide angle lenses are 
sharper in the than at the_ 



4-9. Long-Focai-Lemrth Len*e* 

Now that you have become familiar with 
normal and wide angle lenses, you will learn 
about long-focal-length lenses. 

242. Give selected characteristics of 
long-focai-ten«Ui lenses. 



beginner to isolate his subject to achieve 
better composition. 

There are disadvantages/ to using a 
long-focal-length lens, (^ne (problem is that 
unless the lens was designedVfor the camera 
that is being used, it may b^ difficult to 
attach properly. The size and weight of the 
lens may change the balance of the camera 
and require proper tripod support. Rigidity is 
further required because camera-movement is 
magnified by this type of lens. 
Long-focal- ] engt]i lapses are slow and require 
ising high speed film cr :upplementary lights. 
Finally, the d^pin of field of a 
long-focal-length ler^s is inherently less at a 
given aperture thap a normal or wide angle 
lens at the same lens-to-subject distances. This 
problem is compounded by the fact that fast 
shorter oreecs -^ec 1 vj to prevent camera 
shake preclude small apertures. 

NOTE: Long-focal-length lenses are 
primarily applicable to view and press cameras 
that use bellows fbr focusing and lens boards 
to interchange lenses. These features permit 
the interchange of lenses designed for 
different filrn for.n^ ;.iich Joes*- not apply 
to small cameras. 



Exercises (242): 

1. How wouid you define a long- focal-length 

lens? 



Long focal length refers to any lens that 
has a focal length greater than normal (i.e., 
greater than the diagonal dimension of the 
aim) and reiies on this fact to prod.uce a large 
image size. Such lenses do not have to be of 
special design but are/ often the result of 
taking a lens designed for a larger camera and 
using it on camera having smaller film size. 
For example, you may be using a 4 x 5 press 
camera that is normally equipped with a 
150mm lens. If this lens were replaced by a 
300mm lens used on an 8 x 10 camera, the 
300mm -en* ;vould be a long-focal-length lens 
on the 4x5 camera. (It is pointed out in the 
next section that a telephoto lens achieves the 
long-focal-length effect through special 
design.) 

The advantage of a long-focal-length lens is 
likg a telescope, that it has a narrower angle 
of coverage (about 35° or narrower), and 
produces a larger image size than a normal 
lens at the same lens-to-subject distance. This 
makes the lens ideal for portraits, sports, 
photography, and nature photography. Such a 
long-reaching lens makes it easier for the 



2. Why is it easier to achieve better 
. composition ^ ith the long-fooai-iength lens 
as compared with shorter lenses? 



3. v\hy do you need to use high shutter 
speeds when photographing with a 
long-focal-length lens? 



«* 

4-10. Telephoto Lenses 

Though the terms telephoto and long focal 
length have been used interchangeably, the 
term telephoto is properly applied <?nly to 
lenses, that have a particular optical design. 
Telephoto lenses have become the standard 
for long-reaching lens designed for the small 
roll film cameras which you will be using! 
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Figure 4-7. Basic telephoto lens desi</n. 



243. Identify correct and incorrect 
statements about characteristics that apply to 
telephoto lenses. 

A telephoto lens gives, a larger lir^gethan 
does tne conventional lens at the same 
lens- to-subject distance. This is achieved by 
using a combination of increased focal length 
and a negative rear eiement spaced , some 
distance away from ihe positive-iinage 
forming * element. This tyne of design 
"pushes ' the optical mot ohysicai) center of 
the iens rorward so that it is in rront of the 
positive image forming element. This enables 
the lens to have an effective focal length that 
is longer than its actual physical length (see 
fig. 4-7 ). Due to the shorter length, the 
telephoto lenses are lighter and less bulkier 
than their traditional long-focal-length 
counterparts which depended on local length 
alone. The telephoto type is therefore ideal 
for small cameras. 

The advantages and disadvantages of using 
a telephoto lens are similar to those of the 
long-focal-length lenses. A telephoto produces 
a greater image size and a narrower angle of 
field than normal lenses. Telephoto lensesare 
theretore invaluable for sports, nature studies, 
and individual portraits. Their limited depth 
of field and narrower angle aid in composition 
by emphasizing the main subject. Their long 
reach permits the photographer to work 
farther away and this is important with many 
live subjects. The main disadvantages are that 
,they are seldom fast and they emphasize any 
kind of camera shake. (A good rule of thumb 
is that you should use a shutter speed 
approximately equal to the length of the lens. 
If the lens is 100mm, then use a shutter speed 
of 1/125; if the lens is 500mm, then use a' 
shutter speed of 1/500.) 



Exercise (243); 

1. Identify each of the following statements 
concerning telephotd lenses as true or false, 
a. The telephoto lens achieves its 
photographic affect by using a special 

optical cK-:j:;> 



b. Telephoto lenses 



are more convenient to 



use than lo'ng-focbl-length lenses 

c. It is more difficult to emphasize the 
subject when using a telephoto lens than 
when using a wide-angle lens. 

d. When using a 250mm lens, your shutter 
speed rhould be about 1/250. . 

e. Telephoto lenses are more suitable for 
available light work than normal lenses. 



4-11. Image Size Control 

As a photographer, you need to carefully 
consider the relative size of your subject and 
other picture elements. Not only is this an 
important aspect of composition, but it is also 
a vital element throughout the reproduction 
cycle. 

244. Describe the two photographic controls 
that are used to determine image size. 



Given a particular film format, two factors 
that control image size are focal length of the 
lens and the lens-to-subject distance. The 
longer the focal iength, the larger the image 
on the film for a given lens-to-subject 
distance. Therefore, by using a camera with 
an interchangeable lens capability and by 
having a selection of lenses, the photographer 
can control image size for any given shooting 
distance. Conversely, for any given fdcal 
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length of lens the_ closer you are to the 
subject* the bigger the image will be.- 
(Unfortunately, many lenses will not focus 
closer than a couple of feet from the subject.) 
The photographer should, therefore, always 
balance between shooting distance and focal 
length to achieve the results he wants. 



Exercise (244): 

1. Identify and describe ihe two control^ chat 
can be used to determine image size. 



to understand if we use examples. Let us 
assume that an 8- x 10-inch contact print, 
made from a negative taken with a l&inch 
lens, is being viewed. The correct viewing 
distance would be 13 inches. This distance 
closely approximates normal reading distance. 
Now assume that a 4- x 5-inch contact print is 
to be viewed. The lens used was 6 inches long. 
The eye now would have to be 6 inches away 
for proper perspective. This distance, 
however, is mucn toe close for the average 
person; and as a result, the perspective may 
appear distorted. To achieve the proper 
perspective, the photographer should make an 
8- x 10-print which would be about a 
two-diameter enlargement and would extend 
the viewing distance to 12 inches. 



4*12. Perspective 

You can see objects in three dimensions*, 
but a lens forms images in only two 
dimensions (height and width). The missing 
:! : .rnensior;. .v~:h. "> Foster* hy *he relative 
position and size of the objects in the image. 
Foreground objects are large, and background 
objects appear smaller. The relation of these 
objects, called perspective, is of considerable 
importance because it controls the naturalness 
% of the picture. > , 



245. Explain techniques related to 
photographic perspective and solve a problem 
related to center of perspective. 



Exercises (245): 
1. What technique 
why? 



controls perspective and 



2. Why doesn't vlfte selection of lens focal 
length control perspective? 



3. If you had a 4- x 5-inch negative that had 
been taken - with a 4-inch lens, what 
standard size print should be made if the 
audience will view the picture from a 
distance of 18 inches? 



What determines the perspective in a 
photograph? The answer may surprise you. 
Once the photographer chooses the camera 
position in relation to the subject, the relative 
size and position of the objects within the 
scene are fixed. Nothing can change them. 
Notice that we have stressed the word, 
relative, because by changing focal lengths we 
can change image sizes but not the 
relationship of one subject element to 
another. Perspective is therefore completely 
controlled by camera position. One 
assumption has been made. It is assumed tjhat 
the resultant photograph will be viewed at the 
correct viewing distance, that is, at the center 
of perspective. { 

What is the correct viewing distance or 
Center of perspective for a photograph? It is a 
distance equal to the focal length of the 
taking lens for contact prints. It is a distance 
equal to the foc^l length of the taking lens 
times the number of diameters of enlargement 
when viewing projection prints. This is easier 



4-13. Depth of Field and Focus 

Depth of field and depth of focus are 
interrelated optical factors which affect the 
sharpness of your photographic images. Both 
of these concepts are important and, in 
particular, depth of field should be considered 
with every photograph you take. Prior to 
understanding these two concepts, you need 
to understand circle of confusion. 



246. Explain the relationship between circles 
of confusion and critical focus. 



Circles of Confusion* For a basis of 
discussion, think of every subject as being 
composed of individual points, each reflecting 
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Figure 4-8 Orel 

light. The photographic lens collects the rays of 
light coming from these pomts, rennets therp. 
and then brings them to points of focus on trie 
focal plane or ground glass. 

The focal plane is defined as the surface on 
which an image transmitted by a lens is brought 
into sharpest focus. It is the surface o^upied 
by the light-sensitive film in the camera* It is 
also the plane occupied by the ground glass of a 
view or press camera. A lens is unabie to bring 
light rays to*a perfect point on the image plane. 
Instead, ^e image of the point is actually a 
small circkof light. These images of individual 
subject points are termed "circles of 
confusion." If the actual measurement of the 
circles of confusion shows to be one 
one-huncireth of an inch or smaller and they are 
viewed from a distance of approximately 12 
inches, they appear to the hujnan eye to be 
points. If they are viewed at a closer distance 
than this, these circles must be smaller- If .they 
are viewed at a grater distance, the circles may 
be proportionally large and still appear as single 
points. When the image is focused so that the 
circles of confusion are the smallest possible for 
the lens, the image is said to be in critical focus. 

Figure 4-8 demonstrates how ths light frep 
a point source at infinity distance f onus a cone.- 
of light behind the lens which converges to a 
point and thendiverges to form another cone. 
If tfiKcone were to be intersected or cut 
throu^N^^a^round glass at^he various planes 
shown, the image on the ground glass would 
illustrate the various circles* of confusion. 
Going from left to right in the figurrf, let us 
study the image of the point. At the p.lane 
closest to the lens, the cone of 'light -would be 



s of confusion. 

nearly as large as the lens. If you move the 
ground glass. farther from the lens, the size of 
the circles become- relatively smaller until the 
size is within the permissible limits for circles of 
confusion. As you move still farther back, the 
image of the point continues to get smaller 
until the minimum circle of confusion is 
reached. This is the point of best focus for the 
lens, and the diameter of the circle of confusion 
is the smallest possible for thav particular lens. 
If you move the ground glass farther back, 
beyond the point of best focus, the circle gets 
larger until once again She maximum 
permissible circle of confusion is reached. 
Beyond this region, the circles continue to get 
larger until, again, the image is ou^of the range 
of acceptable focus. 

The usable, or permissible, circles of 
confusion should not have diameters greater 
^than- 1.'2000 of the focal length of the lens 
when negatives are being made for 2 to* 4 
diameter enlargements. If negatives are being 
made for contact printing o#iy, a permissible 
circle of confusion having ^diameter no larger' 
than 1/1000 of the focal length is acceptable. 



Exercise (246): 
X. Explain the relationship between circles of 
confusion and critical focus. 



247. Define depth of field and list and explain 
factors necessary tacontrol depth of field. 
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ACCEPTABLE 



ACCEPTABLE 



Products point 

j^tfiomtttr 
in imogt 



FOCUS HERE 



Produces point 



I 

100 



diometer 
in imoge 




Oeptb of fittd V- ^T 
picture is sharp I 



Fi^arc 4-9 Depth-of-field. 



Depth of Field* When taking ? ph' ^ogxaph, , 
you can critically focus only ofya single plane. 
Subject areas in front of or beyond this plane 
will be increasingly blurred. Or to put it 
another waj^ the circles of confusion are the 
smallest at the point of critical focus and are 
increasingly larger for other parts oi the 
subject. The range over which areas of the 
image appear acceptably sharp or over which 
the circles of confusion remain small enough to 
appear £s points is called the depth of field. To 
put into the standard definition: depth offieid 
is the distance from th^ nearest plane in 
acceptable fccus to the farthest plane in 
acceptable focus. This definition is illustrated 
iij figure 4-9. \ 

The implication of depth of field is very . 
important because practically all photographic 



subjects, except flat copy subjects, are in more 
than one plane and therefore have depth. It is 
very important for the photographer to be able 
to control and calculate what parts of the 
subject will appear sharp to the viewer. 

The following factors within the control of 
the photographer all influence depth offieid. 

• Focal length. Other factors remaining 
constant, the shorter the focal length. pf.the 
lens, the greater the depth of field ,^(see fig. 
4-10). 

, • Lens to subject distance. Other iactors 
remaining constant, the farther the object is 
from the lens, the greater the depth of field. 

• The aperture (diaphragm). Other factors 
remaining constant, the smaller the f/stop 
setting, the greater the depth of field (see fig. 
4-11). (It should be emphasized, however, that 
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Figure 4-10. Focal length determining depth-of-field. 
86 




Figure 4-11. Diaphragm control of depth-of-fieid. 



stopping down the cu£p*:ra£n «css not 
improve the sharpness of the pointy focused 
upon, but rather ifiakes points to the front and 
rear sharper. In fact, due to the optical problem 
of diffraction, stopping down to the imallest 
aperture setting may actually cause an overall 
loss of image quality.) 

To summarize by example, when you use a 
wide angle lens stopped down to £16 to shoot a 
scenic, you will have great depth of field; but 
when you use a telephoto lens opened to f/2.8 
to shoot a head and shoulder portrait, you will 




nave very uczie u^pcn 02 field. It is therefore 
important to consider these factors every time 
you shoot. Depth of field can be a creative tool. 
A limited depth cf field c5n make the subjec: 
stand out, while great depth of field can 
produce wide ranging detail. The choice is 
yours, but you should know what you are 
doing and why you are doing it. 

The actual depth of field for any given 
shooting situation can be measured. Lens 
manufacturers produce depth of field tables 
that tell you the exact area covered by a given 
lens, iens to subject distance, and f/s:cp 
combination. Also, depth of field scales are 
engraved on many lenses. Figure 4-12 
illustrates a lens that provides a depth of fieid 
scale. To calculate the depth of field for a given 
focusing distance (10 feet in the illustration) 
and a given aperture (f/8), refer to the numbers 
on either side cf the focusing index that relate 
to the aperture being used and then read the 
distance opposite the f/stop number. Fdr 
example, in the illustration, reading up from 
f/8 on each side gives a distance (using the foot 
scale) of from 8 to 15 feet. Also, many single 
lens reflex cameras have a depth of field 
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Figure 4-12. Dtpth-of-field scale 



Figure 4-13, Depth-of-focus. 
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preview button which when depressed shows 
the image at the taking aperture. This gives you 
a rough visual idea of what areas will appear 
sharp. 

Exerrisesf247): 

1. Define depth of field. 



as subject distance decreases. DeptH of focus is 
a concern of the manufacturer, but it is a good 
idea to keep in mind when using a view camera 
where the film plane is moved about and in 
doing critical closeup work where precise 
focusing is essential. Review figure 4-8 and 
study figure 4-13. 



Exercises (243): 



2, List and explain the three factors the 
photograoher can use to control depth of 
field. 



,1. Define depth of focus. 



248. Define depth of focus and list and explain 
the factors that affect depth of focus., 



2. List and exolain how the three factors that 
aifec: dep:h o; field affect depth of focus. 



Depth of Focus. Depth of focus is measured 
at the film plane and not at the subject. It sets 
the tolerable limits of lens-film plane distance. 
In other words, depth of focus is the distance in 
front of and behind the film plane that will be 
in acceptable focus/ Like depth of field, depth 
of focus increases as the aperture is stopped 
down. Unlike depth of field, depth of focus 
increases as focal length increases, and increases 



4-14. 2/5thRui3 

The 2,'5ths rule is a good one to learn while 
you are trying to appiy the principles of depth 
of field- 



249. Calculate the area of sharpness in front of 
a hypothetical subject oy applying the 2/5ths 
rule. 



FAR 

point 



6 PES 



•2/5 THE DISTANCE 
I FROM NEAR TO 
■ FAR POINTS 




NEAR 
POINT 



• 10 r 5ET 



FOCUS ON 12.4 FT. S CLOSE DOWN AP£RTUR£ 
UNTIL NEAR a FAR POINTS ARE SHARP 




The 2/5th rule. 
88 
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The 2/oths rule is a generalization that 
states. When a plane is focused upon, for each 2 
feet in front of that plane that is in acceptable 
focus, 3 fe^et behind that plaAe will be in 
acceptable focus. The first step in applying this 
rule is to determine the nearest ancUhe farthest 
points you wish to include in your depth of 
field. -When this has been calculated, divid? this 
total distance into fifths. Then, focus upon a 
plane, or subject point 2/5ths of the distance 
beyond the nearest acceptable plane. After 
this, stop down the diaphragm until the nearest 
and farthest planes come into acceptably sharp 
focus. (This procedure works with camera that 
have ground glass focusing. If you are using a 
rangefinder camera, you will have to rely on 
your depth of field scale.) Study figure 4-14 to 
see how this works. 

The 2/5ths rule is exact only ior tne average 
scene (near the hyperfocal distance), but for all 
practical purposes it can be applied for any 
distance where the subject is greater than 6 feet 
from the lens. As the point focused upon comes 
closer to the lens, the 2-to-5 ratio gradually 
approaches equality until at 1 focal lengths 
between the iens and the subject, the ratio 
becomes 1:1. 

NOTE: Hyperfocal distance. The term 
•'hyperfocal distance" refers to the distance 
from the lens to the nearest plane in acceptable 
focus when the lens is focused on an object at 
infinity. The hyperfocal distance -varies with 
aperture, focal length, and permissible circle of 
confusion. Everything from the hyperfocal 
point to yinfinity is in acceptable focus; 
everything from the hyperfocal point to the 
lens is beyond the limits of acceptability. The 
easiest way to set a lens for the hyperfocal 
distance is to set the. infinity mark of the, 
focusing scale opposite the selected f/stop 
engraved on the far side of the depth of field 
scale. This insures that the depth of field* will 
cover from the nearest possible point to 
infinity. This is the way to maximize depth of 
field for a given aperture/focal length 
combination. 

Exercise.C249): 

1. Assume you are photographing a subject 
that is 12 feet from the lens. You calculate 
that a distance from the subject to 6 feet 
beyond is accep^bly sharp. Apply the 
2/E>ths rule and calculate the zone of 
acceptable . sharpness starting with the 
subject and going towards the camera. 



4*15. Critical Aperture 

To get the best results possible from your 
lenses, you should know the critical aperture 
for each one. a 

250. Define critical aperture. 

Physical limitations in the design of lenses' 
make it impossible to manufacture a lens of 
uniform quality and performance from its 
center to its edges when used at all focusing 
distances and ail possible apertures. Therefore, 
to obtain the best quality with mQst lenses, 
many manufacturers recommend eliminating 
the use of the lens edge by decreasing the 
diaphragm opening about two stops from the 
largestapefrure. This or any other aperture that 
transmits the sharpest image is considered the 
critical aperture. 

You should test each lens in your camera 
4 system and determine the critical aperture for 
each one. The critical aperture varies from type 
to Jype, brand to brand, and even within lenses 
vmh the same br^.d and description. By 
tawing how each of your lenses perform, you 
&rifi be able to bring home the sharpest results. 



Exercise (250): 

1. Define critical aperture. 



4-16. Flare 

There are two general types of flare: 
mechanical and optical. Because they can 
reduce the sharpness of your images, you 
should know how each type can be eliminated. 



251. Briefly explain the two types of flare and 
tell how they can be reduced or eliminated. 



Mechanical Flare. Mechanical flare is caused 
by reflections that occur because oi reflective 
surfaces on the inner side of the lens barrel, the 
camera, or anywhere else near the lens. 
Normally, mechanical flare is not an inherent 
characteristic of the lens, but it is the result of a 
damaged or burnished surface. Instead of being 
absorbed, light comirig from the subject strikes 
such surfaces and is reflected onto the film. 



LIGHT RAYS - 



LENS BARREL 



131-317 




FOCAL 
PLANE 



GHOST 
IMAGE 



MECHANICAL .BtARE 



Figure 4-15. Mechanical flare. 
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Figure 4-16. Optical flare. 



This flare can be eliminated by coating 
damaged surfaces with a nonreflective coating 
(see fig. 4-1 5). 

Optical Flare. Optical flare is caused by 
internal reflections from the glass-to-air 
surfaces of the lens. Optical flare is present to 
some extent in any lens having more than one 
element. Generally speaking, because of the 
greater number of glass-to-air surfaces, the 
more complex the lens, the greater the amount 
of optical flare. The problem of optical flare 
has been greatly reduced by coating lenses. The 
photographer can also help himself by always 



using a lens ahade and not pointing the camera 
directly into the sun (see fig, 4-16). 



Exercises (251); 

1. Briefly explain how mechanical flare is 
caused and how it can be corrected. 



2. Briefly explain how optical flare is caused 
and how it can be corrected. 
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.PHOTOGK^PHY is the recording of an image 
on a light-sensitive material by the action of 
light. Chemicals are used to make the image 
visible. Because light is necessary to 
photography, you should know quite a bit 
about its properties, characteristics, and 
pecularities. Also, you should understand 
what the various sources of illumination are, 
how the light that is emitted from various 
sources differs, and how the light can be 
controlled by using different devices and 
techniques. 

Light must be used as a tool of 
photography. Learning how to use light to 
your advantage will help you produce more 
desirable results. Using light as it is may be 
satisfactory for a record photograph, but 
better results can be obtained if you fit ; the 
lighting to what you want to say in a 
photograph. In other words, lighting should 
fit the picture. Since there are so many 
possibilities, this is no simple task. When you 
become the master of light and lighting 
techniques, you will find that you have 
mastered one of the great variables of the 
photographic art. 



5rl, Theory of Light 

* The recording of light is what photography 
is all about. Therefore, as a photographer, you 
must have a thorough understanding of light 
in order 7 to achieve the best possible 
photographic results. 



ONE WAVELENGTH 




Figure 5*1. Wavelength. 



252. State principles and characteristics that 
apply to light and its application to 
photography. 

Light is a form of wave en^gy that radiates 
in all directions from its source. It is only one 
type of many similar forms of wave energy. 
Others include radio waves, infrared, 
ultra-violet, X-rays, and gamma radiations. A 
simple example of wave motion can be 
demonstrated" by dropping a pebble into a 
pool of water. As the pebble hits the water, it 
causes waves* to spread in expanding circles 
until they hit the edge of the pool. Light 
waves from *he sun travel in much the same 
manner. However, the waves in the pool are 
very slow and clumsy in comparison with 
light waves, which travel approximately 
186,000 miles per second in air. 

Different forms of radiant energy are 
distinguished from each other in two ways. 
They differ in wavelength and frequency. 
Wavelength is the distance from the crest of 
one wave to the crest of the next (see fig. 
5-1). Frequency is the number of waves that 
pass- a given point in one second. The product 
of frequency and wavelength determine the 
speed of travel for a given form of radiant 
energy. - ~y'jk 
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Figure 5-2. Speed of light in different mediums. 
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Figure 5-3. Electromagnetic spectrum. 



The speed of light is constant for any given 
medium, but varies as it enters a medium of 
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Figure 5-4. Transmiwion of light 



different density. For example, the speed of 
light in ordinary glass is only about two-thirds 
of its speed in air. Since the frequency of light 
is a constant, the change in speed must be a 
result of a change in wavelength. If frequency 
remains constant, it would appear logical to 
use this as a means of identifying the different 
types of radiant energy. However, in some 
instances, it is extremely difficult to measure 
frequency accurately. For example, the 
frequency of violet light is roughly 176 
trillion waves per second. For ^his reason, any 
particular type of radiant energy is usually 
identified by its wavelength in air (see fig. 
5-2). 

The various forms of radiant energy form a 
continuous series of wavelengths, each 
differing from the adjacent wavelength by an 
extremely small amount. This grouping of 
wavelengths is known as the electromagnetic 
spectrum. However, only a small portion of 
this spectrum is used to take photographs (see 
fig. 5-3). 

Ultraviolet, infrared, and the visible portion 
of the spectrum are a group of wavelengths 
that conform to the laws of optics* This 
means that these wavelengths can be bent by 
an optical device such as a lens. This group of 
wavelengths forms the optica/ spectrum. 
Some forms of radiation, such as X-rays and 
gamma rays, do not conform to the optical 
spectrum and can penetrate cameras and film 
containers to produce unwanted, exposure of 
sensitized materials. This undesirable 
exposure is called fog. The photographer 
should be aware of the presence of these 
radiations and take precautions to protect his 
sensitized materials from damage. 

What, then, is light? In photographic terms, 
light is that part of the electromagnetic 
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spectrum that stimulates the sensory organs in 
the eye and produces the sensation of vision. 
For this reason, these wavelengths form the 
visible spectrum. However, there are other 
portions of the electromagnetic spectrum that 
affect the .photographic process. Under 
certain conditions, other radiations not visible 
to the eye may be recorded. Infrared and 
ultraviolet radiations are specific examples of 
radiations that cannot be seen and yet may be 
recorded photographically. 

Visible light occupies a portion of the 
spectrum that extends from about 400 to 700 
nanometers (nm). As you can see in figure 
5-3, there is a definite relationship between 
color and wavelength of the visible radiations 
in the electromagnetic spectrum. The shortest 
wavelengths, around 400 nm, would appear 
violet, while the longest wavelengths, about 
700 nm, would appear fed. In between, light 
appears blue, green, yellow, or orange 
depending on the wavelength of the particular 
radiation. The photographic process relies 
heavily on this color quality of light. 



Exercises (252}: 

1. Light is what type of energy? 

/ 

2. What are the two ways to measure radiant 
energy? 



3. Speed of radiant energy is a product o<* 
what factors? 
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Figure 5-5. Sp^ular and diffused reflections. 
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Figure 5-6. Absorption and reflection of light. 

4. How are different forms of radiant energy 
identified? 



5. What-is the optical spectrum? 



6. What color, are the shortest wavelengths of 
visible light? 



7, Long wavelengths of visible light form what 
color? 



253. Define terms used to explain how light 
behaves. 



When light is incident (strikes) upon a 
surface it is either transmitted, reflected or 
absorbed, or a combination of these 
depending upon the type of surface. Light, of 
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Figure 5-7. Light is reflected, transmitted, 
and absorbed. 

course, will pass through any type of clear 
material like glass. If the surface is very dense, 
like frosted glass or plastic, the medium is 
translucent and light is diffused as it passes 
through it. If _t he medium is neither 
transparent nor translucent, it is opaque, 
meaning that it does not transmit light, (see 
fig, 5-4). 

Light can be reflected or thrown back from 
the surface of the medium. If the surface of 
the medium is smooth and polished, the 
reflected light is thrown back in the same 
plane and at the same angle as the incident 
light, and the reflection in such cases is said to 
be specular. If the surface of the medium is 
rough, the reflected light is diffused, (see fig. 
5-5 1. It is this light which is of the greatest 
value to photography. Most objects reflect 
both specular and diffused light. Rough 
surfaces reflect more diffused light than 
specular, and smooth surfaces usually reflect 
more specular light than diffused. 

If light is neither transmitted nor reflected, 
it is absorbed by a medium. Dark objects, for 
example black cloth and dark eprth, absorb 
more light than lighter objects, such as a 



white sheet of paper or a white slab of 
concrete or limestone, (see fig. 5-6). When 
light is incident upon a medium, some 
absorption and reflection always take place. 
No medium completely transmits, reflects, or 
absorbs all of the light incident upon its 
surface. Figure 5-7 shows how glass not only 
transmits, but also absorbs and reflects light. 

Another important property of light is that 
it can be bent or change its direction. This 
bending of light is called refraction. In figure 
5-8, you can see that as light goes from one 
medium to another of different density, its 
direction of travel is" changed. If the ray of 
light strikes the glass perpendicularly, it passes 
straight through with no change of direction. 
This is called a normal ray. If, however, the 
light enters the glass obliquely, it is bent or 
refracted. In order to picture how this 
bending takes place, imagine the light 
traveling in a flat front with point A (fig. 5-8) 
entering the glass first. This part, as it enters 
the glass, is slowed down causing the direction 
to change to the right, in much the same 
manner as the wheels of a car are turned to 
the right when the rignt wheel runs onto a 
soft shoulder. In figure 5-8, you can see that 
the ray continues in its changed direction 
until it comes to the outer edge where point 
A' of the ray emerges first and speeds up, 
causing the ray to swing back to the left. The 
explanation of this action has been resolved 
into the Law of Refraction, which states: "If 
light enters a medium of different density at 
an oblique angle, its direction is changed so 
that the ray of light is bent toward the normal 
if the medium is more dense, or away from 
the normal if the medium is less dense." The 
law of refraction is illustrated in figure 5-9. It 
is this property of light that makes it possible 
for a lens to form an image. Light can be bent 
and directed by shaping the surfaces of the 
medium into planes that are not parallel (as in 
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Figure 5-8. Oblique ray of light. 
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Figure 5-9. Law of refraction 
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Figure 5-10. Controlled benching of ligtjt 



a prism) to control the bending of the light to 
a desired degree. Figure 5-10 shows how two- 
identical rays of light can be controlled in this 
manner. 

J White light is a mixture of all colors and 
each color has its own particular wavelength 
in air. When white light is refracted, all of its 
colors or wavelengths are not refracted to the 
same degree. Some colors are refracted more 
than dhers, depending upon the wavelength.* 
The shorter the wavelength of a color, the 
more it is refracted. This means that when 
white light is passed through a prism, as in 
figure 5-11. the various colors that compose 
the light are separated' or dispersed. 
Dispersion presents a difficult problem in 
making lenses? 




The color of an object is determined' by the ' 
manner in which it reflects and absorbs light. 
If an object reflects all of the wavelengths of 
white light, it appears white. If white light is 
incident upon an object that reflects only the 
red waves, absorbing most of the others, the 
object appears red. Yellow is the result of * 
most of the blue of white light being absorbed 
and the mixture of red and green being 
reflected. Magenta is the result of the green 
being absorbed ancl red and blue being 
reflected. In other words, the color of an 
object is due to the mixture of the colors of 
li^ht thai are reflected, transmitted, or 
absorbed. * 

Another factor that you must take into 
consideration when studying tne colors of 
light is the brightness of a color. Most people 
oee yellow as the biightest color and violet as 
a very dark color. Green, red, and blue fall 
between these two extremes. Each color will 
reflect different amounts of light due to its 
brightness. In black and white photography, it 
is this bnghtness value which is translated to 
different shades of gray. 

Exercise (253): 

1. Define the following terms.as they relate to 
light. 

a. Transmission. 



b. Translucent medium. , 



c. Specular reflection. 



4 

d. Color. * 



e. Brightness. 



f. Normal ray. 



g. Dispersion. 



h. Law of refraction. 



5-2. Daylight 

Light is considered as coming from two 
sources: natural and artificial. Natural lighting 
comes from the sun, stars, or reflectance of 
light off the moon. All other light is the 
product of artificial sources (ex. tungsten 
light bulb). Daylight is the most common, 
natural lighting source in photography. 
Knowledge of daylight is, therefore, essential 
to the accomplishment of the majority of 
outside missions. 



254. Identify as correct and incorrect 
principles about daylight lighting. 



Daylight is composed of direct sunlight 
diffused through the aerosol which comprises 
the earth's atmosphere,, the light reflected 
from the sky, and the light reflected from 
objects on the earth's surface. The nature of 
daylight at any given time is dependent upon 
geographic location, the time of day, the 
season of the year, and the prevailing weather 
conditions. (Weather accounts for the greatest 
variation in daylight.) When there is a 
minimum of atmpspheric haze, the amount of 
direct sunlight is maximum— about 80 percent 
of the total light. A slightly cloudy sky cai£ 
reduce the intensity of direct sunlight by 
about one-third. A completely overcast sky 
reduces both the sky light and the direct 
sunlight, the former to about 50 percent, and 
the latter to about 25 percent of their 
intensity on a clear day. 

The spectral energy distribution, rated as 
color temperature Kelvin (K) of the sun's 
rays, changes as the angle of the sun changes 
with relation to the horizon. At dawn and 
during the late afternoon before sunset, the 
dust and vapor particles in the atmosphere 
tend to scatter the shorter, blue wavelengths 
of light more than the longer, re4 
wavelengths. Thus, morning and evening light 
is red in color. 

As the sun approaches its zenith, the blue 
wavelengths of light hav^ less reflection and 
absorption by the atmospheric particles, and 
the sky appears blue. At the same time, the" 
direct rays of sunlight have less atmospheric 
haze to penetrate and are therefore more 
intense^Of course, as the sun passes its zenith, 
its , light becomes less intense. Typical 
observations are shown in table 54. 

The values represented in tables of this sort 
are for one geographic location only and are 
therefore not necessarily valid for other 
locations. The accepted standard is 5400K for 
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COLOR TEMPERATURES (L) FOR SUNLIGHT AND DAYLIGHT CONDITIONS 
AT VARIOUS TIMES OF THE DAY THROUGHOUT THE YEAR 
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mean noon summer sunlight at Washington, 
D.C. After consideration of all variables, 
photographic daylight averages 5500K. While 
these standards hold true only for *the 
location where they were taken or somewhere 
near the same parallel of latitude, they are 
.useful for purposes of comparison. Artificial 
sources of light can be made to conform to a 
desired daylight level, and, the color response 
of film can be controlled so that photographic 
results can be predicted. 

The prevailing weather condition is a most 
important factor in determining how the 
daylight affects our subject. Let us, therefore, 
discuss the effects of several common 
conditions. 

• Bright sunny day. A bright sunny day is 
not always the best for photography. Because 
the bright sun casts dark shadows that lack 
detail, while the highlights are extremely 
bright, the ligltfing produces high contrast. To 
lower the ^**ntrast a photographer may need 
to us? supplementary artificial light. 

• Bright hazy day. Haze, smog, or thin 
layers of clouds cause the sunlight to be 
diffused, therefore the contrast is less and the 
shadows are not as detailess as on. a bright 
sunny day. 

• Dull overcast day. This produces very 
low contrast as the difference between the 
highlights and shadows is not very great. This 
type of lighting can produce very flat pictures 
which , are good for detail but may not have 
enough punch for some tastes* 



Exercise (254): 

1. Identify each of the following statements 
related to daylight lighting as true or false. 

a. Daylight is only composed of direct 
sunlight and the light reflected from sky. 

b. Weather is the biggest variable in 
daylight conditions. 

c. The Kelvin rating of daylight changes 
with the angle of the sun. 

d. A hazy June day sky has a color value of 
about 8150K. 

e. As *the sun approaches its Jfenith the 
short wavelengths of light are absorbed. 

f. Contrast is greater on a bright hazy day 
than on a sunny day. 



5-3. Electronic Flash 

Electronic flash has become the most 
popular type of artificial light source. 
Electronic flash units are used on cameras as 
well as in large studio units. It is therefore-a 
very important type of-lighting system to 
understand. 



255. List advantages and clarify specified 
characteristics and procedures related to 
electronic flash operation. 

Electronic flash is a repeating source of, 
photographic light. A flash tube which may 
be fired many thousands of times is used in 
place of conventional flash bulbs. The flash 
tube is .fired with power provided by batteries 
which are located ^within the unit or carried in 
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ELECTRONIC FLASH GUIDE NUMBERS 
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a pack. Flash units designed for camera use 
are fight, convenient, and quite powerful. 

.Aside from the convenience and portability 
of electronic flash, it has many advantages 
which make it the ideal light source for all 
around professional use. Its extremely short 
flash duration is not only useful for 
photographing action, but for minimizing 
general camera and subject movement. The 
flash is a very penetrating light with ability to 
record shadow detail without blocking up 
highlights. It is especially suitable for 
portraits, since it eliminates the need for hot, 
glaring lights that cause squinting, wrinkles, 
and self-consciousness. Because its extremely 
brief flash has no effect on the subject's eyes, 
it eliminates contraction of the iris, resulting 
m the larger pupils which add character to 
your portraits. The flash is extremely rich in 
blue (i.e., high Kelvin values) which make it 
suitable for daylight color films and all black 
and white materials. 

Each electronic flash has a guide number or 
numbers (guide numbers are used to calculate 
the, aperture setting and will be discussed in 
detail in a later section) based on the output 
of the .init in relation to the speed of the film 
being used. This output may vary if different 
power settings are available. Table*5*2 list's a- 

TABLE 5-3 
' POWER SETTINGS FOR ELECTRONIC FLASH 



series of guide numbers for different power 
outputs for a typical professional unit in 
relationship with the film speed (ASA) being 
used. 

No shutter speeds are listed in electronic 
flash guide number charts because of the 
short duration of the^ash, which may be 
used effectively as the^exposure time. The 
approximate flash duration for each of the 
power settings in our previous table are shown 
in table 5-3. 

Although electronic flash shutter speeds are 
not usually essential to exposure calculation, 
using the fastest practicable speed for the 
power setting chosen lessens the possibility of 
obtaining "ghost images" from any existing 
illumination on the subject. For example: The 
unit is set at 1/4 power, giving .a flash 
duration of 1/] 200 of a second, but a shutter 
speed of 1/30 of a second is used. The flash is 
short enough to "freeze" normal subject 
movement, but since the shutter is open so 
much longer, unless the shooting area is 
darkened, subject movement may register 
during this time because of existing 
illumination. This results in ghost images. 



Exercises (255): 

1. What are three advantages in 
J . .electronic flash with your camera? 



u§mg 



2. Why is electronic flash particularly suitable 
for portraits? 



3. How are guide numbers calculated for 
electronic flash units? 



\. What will cause a ghost image? 



256. Define flash synchronization^ and 
compare two methods of synchronization* 



FLASH 
DURATION, 



1/4 



1/2 



3/4 



23 7- 580 
Full 



1/1200 1/800 
sec. sec. 



1/600 
sec. 



1/500 
sec. 



"X" Synchronization. To be effective the 
flash must go off at the moment the shutter is 
open. This is v ^accomplished through 
synchronization whereby the shutter 
mechanism is designed to complete the 
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electrical circuit of the flash at the proper 
time* 

The synchronization of electronic flash is 
extremely simple. The duration of the flash is 
so short compared to the average shutter 
speed that no delay ' is involved between ' 
trigger and flash. Synchronization is achieved 
by triggering the. electronic-flash unit at the 
time the shutter blades reach their wide-open 
position. This normally is accomplished by 
placing 4t X" contacts in the shutter which 
close at the time the shutter is wide open.1 
Leads from these contactsgo to the exterior 1 
of thfe shutter and terminate at anelectrical \ * 
terminal. A "synch" cord designed to connect j f 
this shutter terminal with the electronic flasm 
unit completes the circuit which triggers 
the unit. 



With leaf shutters synchronization is quite 
easy and the photographer may choose any 
shutter speed that he wants to use. The reason 
for this is that when the shutter is tripped, fhe 
leaves of the shutter open.and close in unison. 
However, focal plane shutters, which are 
found, for example, in almost all 35mm 
cameras, require special consideration. The 
^paJ plane shutter, which consists of a 
cun5nr*controlled aperture moving in front of 
tne film, causes each portion of the film to be 
exposed for a specified time. However, the 
time required to expose the complete film 
format greatly exceeds exposure. time for each 
portion at high shutter speeds. 

To produce an even exposure across the 
entire format., the flash must maintain its 
peak throughout the total exposure time. For 
example, when using a 35mm reflex camera at 
a slow shutter speed like 1/60 of a second the 
focal plane shutter aperture opens up to cover 
the entire film format of approximately IVt 
inches and remains ,open throughout the 
exposure. This produces the ' necessary 
exposure over the entire film format. 
However, if the shutter speed is changed to 
1/250 of a second the shutter aperture is 
reduced to a? mere sliver which travels across 
the film format exposing a sliver of film at a 
time. Though each part of the film receives 
only 1/250 of a second of exposure, it still 
takes about 1/60 of a second for the shutter 
to travel the entire width of the film. This is 
why the majority of 35mm focal plane 
shutter cameras require that you use a shutter 
speed of 1/60* of a second. Remember, that at 
too slow a shutter speed ghost images result, 
and at too high a shutter speed only a narrow 
band gets properly exposed. 



Exercises (256): 

1. What is* flash synchronization? 



Why is it easier to synchronize electronic 
flash with a leaf shutter than a focal plane 
shutter? 



257, Give selected definitions,' procedures, 
and advantages related to different ways of 
using electronic flash. 



Using Electronic Flash, Electronic flash is a 
very versatile supplementary light. Let us see 
how it can be applied in a number of ways. 

* On camera flash. The flash unit may be 
directly attached to the camera. The flash is 
directed straight tnto the subject. Particularly * 

.when used mdo^ r this technique often 
produces very flat lighting of the subject with 
very harsh background shadows. This problem 
can be reduced if the flash bracket is designed 
to hold the flash head high above the camera. 

Bounce lighting. Bounce lighting 
approximates the effects of natural lighting. 
Rather than aiming the flash directly at the 
subject, the fla^h head is tilted or aimed so 
light ^ reflected or bounced off a ceiling, 
wall, or refleclor. More natural, subtle ic^nes 
result through the use of bounce figh ting 
which diffuses the light. This teetauque is 
therefore preferred over direct flash. 

Open flash photography This , is 
non-synchronized flash photography First 
you open the shutter (using T or B). discharge 
the flash, and then close the shutter. Open 
flash photography requires that the camera be 
on a tripod. Using open flash you can "paint" 
your subject with light. Just work in a dark 
room with a subject that is stationary. Go 
about the subject discharging your flash unit. 
This technique can duplicate results obtained 
with multilight setups. One point, keep 
yourself out of the view of the camera. 

Multiple elect* ome flash.'stngte power unit. 
Multiple electronic flash may be accomplished 
by using two or more Jamp heads with one 
power unit _ and cables designed for this 
purpose. The total tight' output is the same as 
from a single unit, but it is divided among the 

" multiple head*. If eav h unit is placed at the 
same distance from the subject and at 
approximately the same angle from the 
camera-subject axis, the basic guide number 
should be used. If the lamp heads are 
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positioned at unequal distances and angles 
from the subject, the guide number should be 
calculated for the lamp head nearest to the 
subject. Multiple lighting permits lighting 
lai^ge subjects and permits proper control of 
highlights and shadows. 

Multiple electronic flash/multiple power 
units. Multiple light with electronic flash is 
easily accomplished using "Slave Units** 
instead of extensions. This gives the advantage 
of not being tied down to a number o; cords. 
Each lamp used in this system is usually 
equipped with its own power pack. Therefore, 
each unit receives full benefit of whichever 
power setting you choose to use. Exposures 
are computed from the shortest 
iamp-tc-5ub;ect distance or from the head 
producing the strongest illumination on the 
subject. Two or three units are usually 
sufficient for average photographic work. The 
system should be tested before starting to 
shoot* to make sure all lamps are firing 
properly. A photocell picks up the light from 
;re Haih synchronized to :he camera and 
"fires" the lamp ,to which it is attached. 
Wiring is not required between slave units and 
the camera. There is no synchronization 
proDiem. since the reaction of the electronic 
flasn is -almost instantaneous. 



Exercises (257): 

1. Why is bounce lighting preferred over 
direct flash? 



2. How is open 
accomplished? 



flash photography 



3. What is a slave unit and in what kind of 
' setup is it used? 



\ 

) 

5-4. Incandescent Lighting 

Probably the most common source of 
so-called artificial light 'is radiant emission, 
from hot materials. The torch, the candle, the 
oil lamp, the gas mantle lamp, and finally the 
incandescent electric light bulb trace man's 
progress in producing useful and controllable 
artificial light. All are incandescent; that is, 
they are sources of heat or thermal radiation. 



All emit infrared radiation as well as visible 
light, and display increased efficiency with 
increased temperature. Photo floods and 
flashlamps (i.e. flashbulbs) are a 
photographer's primary incandescent light 
sources. 



2 58. Complete statements about 
characteristics of photographic incandescent 
light sources* 



High-Efficiency Photographic Lamps, This 
source of light produces continuous . 
illumination instead of the peak of a 
flashbulb. The light is produced by the 
passage of an electrical current through a wire 
filament. Enough current must flow to heat 
the filament sufficiently for it to glow and 
emit light. The comrpon household lightbulb 
uses 11 5- volt alternating current, available in 
practically any building. While household 
lightbulbs can be used for photographic 
purposes, they usually have insufficient 
output. Therefore, high efficiency lamps have 
been designed specifically for photographic 
purposes. The filament is heated to a higher 
temperature than the common lightbulb, 
causing an increased light output Lamps of 
this type are often referred to as photoflood 
lamps. 

The greatest advantage of the 
high-efficiency photpgraphic lamp is that it 
enables a powerful light source to be squeezed 
into a small glass envelope. Lamps of this type 
are generally used in reflectors , so that the 
illumination may be directed to the most 
appropriate area. The smaller lamps may very 
easily be used in regular household fixtures in 
place of the standard light sohrce. Using them 
in this manner has the effect of raising the 
general level of light in the room while still 
retaining a natural-looking effect. Remember, 
however, -high-efficiency lamps produce 
considerable heat. 

High-efficiency photographic lamps are also 
supplied in an envelope with a built-in spot or 
a flood reflector. The advantage here is 
convenience, since no other reflector is 
needed. By simply screwing the lamp into an 
ordinary socket fastened to an extension 
cord, you have a spot or flood lamp. As with 
most incandescent lamps, the high -efficiency 
lamp has a high red content, and therefore is 
best suited for panchromatic film. Also, the 
high -efficiency lamp has a much shorter life 
than a conventional household bulb. 

Flashbulbs* Flashbulbs are metal-based 
glass containers formed into shapes very iquch 
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Figure 5-12. Photoflash lamps. 



the same as those used for common 
lightbulbs. The clear glass envelope is filled 
with a highly combustible combination of 
oxygen and a hair-fine alloy wire. When a 
flashbulb is ignited by electrical current^ 
flowing through a filament, a primer material 
is fired and starts the wire in the envelope 
burning. The wire bums brilliantly in the 
oxygen atmosphere for a very short period of 
time measured * in fractions of a second. 
Illumination of the subject is provided by the 
combustion of the fine wire. 

Flashbulbs come in a number of different 
sizes. The smaller lamps produce less 
illumination; but since they are convenient 
they are extremely popular with persons who 
must do a great deal of flash photography. 
Lamps with a greater light output are 
necessarily larger in size and extremely useful 
when large areas are being photographed and 
high light output is needed (see fig. 5-12). 

Exercise (258): 

1. Complete the following statements 
regarding the characteristics of 
incandescent light source. 

a. Photofloods, unlike flashlamps, produce 
illumination. 

b. Household lamps are rarely used for 
photographic purposes because they 
have , • 



c. Photoflood lamps, 
incandescent sources, 
: light 



like most 
are rich in 



d. Flashbulbs provide illumination through 
the combustion of a * 



259. Give definitions, procedures, and 
purposes related to techniques of using 
incandescent light sources. 

Incandescent light sources continue to be 
popular for studio and engineering work. 
Flashbulbs .for field use have been largely 
supplanted by electronic flash which is easier, 
safer, faster, and cheaper to use. Nevertheless, 
you may be called upon to use flashbulbs. Let 
us, therefore, discuss a couple of common 
operational situations using incandescent 
lights. 

NOTE: Techniques that are applicable to 
electronic flash, except for the use of slave 1 
units, are applicable to incandescent lights. 
Conversely, techniques we will be discussing 
are also applicable to electronic flash. 

Synchronizing Flashbulbs. One point you 
have to learn in using flashbulbs is that the 
majority of bulbs require "M" rather thah 
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"X" synchronization like electronic flash. 
Different synchronization is ©felled for 
because flashbulbs require about 20 
milliseconds to reach maximum brilliance 
while the average leaf shutter ' takes about 5 
milliseconds to reach the fully open position. 
Therefore, when the shutter button is 
depressed the shutter must be delayed about 
15 milliseconds so the flash can reach its 
peak. If you use "X" synchronization when 
you are supposed to use "M," you will have 
image cutoff. 

NOTE: There are a variety of flashbulbs 
including types designated for focal plane 
shutters. Check with both your camera and 
flashbulb instructions for correct 
iynchronization and shutter speed selection 
for best performance. 

Synchro-Sunlight Photography. When you 
take photographs in bright light, dark 
shadows result. This may be very undesirable 
when .taking a^ photograph because the 
;ucJe;/5 j>e sockets are often quite dark and 
a shadow may obscure part of the face. The 
same problem arises when full detail may be 
obscured by shadows. With a flashbulb, you 
detail in shadow areas without 
the natural appearance of your 



can add 
affecting 
subject. 



The correct ratio of light intensity between 
highlight and shadow areas varies for different 
types. of subjects. (This ratio is called a 
lighting ratio.) For example, a 4:1 ratio 
provides a good balance between highlights 
and shadows and also gives the impression of 
depth in a photograph. To obtain the correct 
balance between daylight and flashbulb, you 
should place the flash unit at, the correct 
distance from the subject. The following is 
the procedure you should follow: 

(1) Using a photoelectric exposure meter, 
compute the correct exposure ^for the 
highlight area of the subject. Assume this to 
be 1/125 atf/16. 

(2) Find the guide number (guide numbers 
are discussed in detail in the next section but 
for now, consider them as an indicator of 
flash power} for the flashbulb, film, and 
shutter speed being us£d. Assume the guide 
number to be 160. 

(3) Divide the guide number by the 
daylight f/stop. Ia our example, this would be 
160 divided by 16, which equals 10. 



(4) For these conditions, you would then 



METERED EXPOSURE 
1/125 SEC0N0 ©f/16 




CAMERA 



EXPOSURE COMPUTATION 
!00-rf/l6 = 6FT 



FLASH 



GUIDE N0l 100 



Figure 5*1 3. Synchro sunlight flash. 



use a flashbulb-to-subject distance of about 
10 feet. 

In the above procedure, placing the 
flashbulb at a distance of 10 fee^hould give a 
balanced 1-to-l lighting ratio between the 
sunlight and the flashlamp. However, the ratio 
is actually 4-to-l, because the flashbulb loses 
about three-fourths of it$ effect out of doors. 
(This reduction in strength is caused because 
there is no reflection of light. The same would 
happen in a large enclosure like an 
auditorium.) If you want a 2-to-l ratio > 
reduce the computed lamp-to-subject distance 
by one-third. For a 1-to-l ratio, reduce the 
distance by one-half. Refer to figure 5-13 for 
a graphical representation of computing 
lamp-to-subject distance to obtain a 4-to-l 
lighting ratio between the sunlight and the 
flash. 

Using Photofloods. Lighting arrangements 
when using high-efficiency lamps are 
essentially the same as arrangements used 
with single or multiple flash. You may use* a 
single lamp at the camera position. Or, if you 
desire, you may move a single lamp to the 
side of the camera so that it casts shadows in 
a certain direction. To soften shadows, you 
may place a second lamp to the other side of 
the camera. The second lamp can be a lamp of 
lower light output, or you can move a lamp of 
the same intensity farther away from the 
subject than the first lamp. The second lamp 
acts as a fill-in light to reduce the shadows. 
You may use additional lamps to illuminate a 



102 



ERLC 



u 



background, highlight a person's hair, or 
shoulder line. In other words, you can light 
the subject as you wish. j 



Exercises (259): 

1. Why is "M" synchronization n^kled fgf 
flashbulbs? 



2. Briefly explain the term lighting ratio. 



3. What is the purpose of synchro-sunlight 
photography? 



4. Briefly explain the steps necessary to 
determine the distance the fill-in flash 
should be from the subject vjhen you are 
shooting outdoors. 



5. What is the usual purpose of the second 
light of a multilight setup? 



5-5. Flash Guide Numbers 

Exposure with flashbulbs or electronic 
flash units are based on two facts* First, a 
particular type of flashbulb, flashbulb 
reflector combination or electronic flash unit 
at a given power setting consistently produces 
the same amount of light. Second, as the 
distance between the subject and the light 
source increases, less and less light will fall on 
the subject. The amount of light falling on the 
subject is inversely proportional to the square 
of the distance from the lamp to the subject. 
These two calculations, along with the film 
speed being used— and in the case of 
flashbulbs, the shutter speed that is 
chosen— are th'e basis for calculating a 
particular expoSOre. In this section, we discuss 
guide numbers that are very helpful in 
calculating flash exposure. 

260. With the aid-of table 5-4, solve problems 
that involve the application J of flash guide 
numbers. 



TABLE 5-4 
SAMPLE GUIDE NUMBER CHART 



FOR ADJUSTABLE CAMERAS (Flashbulb in Polished Reflector) 



' Film Speed 
(See Film 
' Instruction 
Sheet) 




Exposure Guide 


Numbers 


231-581 


Any Sync. 
Setting 




M Sync Only 




Up to 1/30 


1/60 " 


1/125 ' 


1/250 


1/500 


25 


135 


125 


100 


80, 


50 


32-50 ' 


170 


160 


125 


100 


65 


64-100 


240 


220 


180 > 


140 


90 


125-200 


340 


320 ' 


250 


- 200 


125r : 


250-400 


480 


450 


350 


280 


180 














500-800 


670 


650 


500 


400 


250 
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Guide Numbers. Primarily on the basis of 
the output of the flashbulb or electronic flash 
unit, manufacturers have worked out flash 
guide numbers which aid in calculating 
exposure. (Since we have briefly mentioned 
electronic flash guide numbers in section 5-3, 
we will now- use flashbulb examples. The 
principles in using the guide numbers arfe the 
same.) For example, each type of fla^bulb 
has a senes of guide numbers that vary with 
shutter and film speed combinations. 

Applying the guide number is easy. By 
dividing the flashbulb-to-subject distance into 
the appropriate guide number, you will find 
the f/stop you should use. On the other hand, 
if you have already decided on the f/stop you 
ir P tend to use, divide the guide number by this 
f/stop to obtain the correct lamp-to-suoject 
distance. 

Let's illustrate the use of guide numbers in 
an actual situation. Table o-4 gives the guide 
numbers for a typical flashbulb. (A chart 
similar to this is found on each carton of 
flashbulbs.) Assume that you are using a film 
With a tungsien exposure index m the 64-100 



range. (Many black and white "films have both 
daylight and tungsten speed ratings. This is 
nece^ry because a particular film may be 
mor^sensitive under blue rich daylight 
conditions than red rich tungsten conditions, 
etc.) You decide on a shutter speed of 1/125. 
For this combination, the chart shows a guide 
number of 180. Now suppose you want to 
make the exposure at a lamp-to-subect 
distance of 20 feet. You would then divide 
the guide number by the distance (180 - 20) 
which would give you a setting of 
approximately f/8. If you had wanted to use a 
particular f/stop (ex. f/16), you would divide 
that into the guide number to get your 
lamp-to-subject distance (ex. 180 - 16 would 
give you a lamp-to-subject distance of about 
11 feet). 

There are several factors which can modify 
your basic exposure calculations whether you 
are using flashbulbs or electronic flash. The 
following are a few points you should 
consider. 

a. Guide numbers are based on units being 
used in an average size roorji having fairly 
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i Figure 5-14. Reflector portioning. 



light-colored walls and ceilings. When a flash 
is fired in a room, only 25 percent of the light 
from the unit goes directly \o the subject. The 
rest of the light strikes the walls, ceilings, any 
flash reflector that is used, people, furniture, 
machinery, etc. The * absence of such 
reflection, for example when you 'are shooting 
in a gymnasium or outdoors, would mean you 
wcuild have to open up about two or more 
>f/stt>ps to prevent underexposure. 

b. When using flashbulbs, the type of 
reflector that you use and the position of the 
bulb within the reflector will affect the 
direction of the light and its intensity on the 
subject. These two factors will of course 
affect your exposure, (see fig. 5-14). In fact 
for a very weak fill light some photographers 
aon't use a r&flector at all. 

c. When using electronic flash you may use 
an umbrella to give a diffused light. Exposure 
will have to be increased depending on the 
umbrella's shape, size, color, - and surface 
material. 

d. When calculating the lamp-to-subject 
dista.;re when using bounce flash, you must 
add together the distance from the lamphead 
to the reflecting surface and from the 
reflecting surface to the subject. 

e. It is important to consider the reflecting 
surfaces you are working with. Dark colors 
absorb more light than light colors. Smooth 
surfaces reflect more thai) rough surfaces. 
High ceilings reflect less than low ceilings. So 
it is a good idea to make a series of 
photographs using different exposures to 

: ^insuxe-a' satisfactory reaulu \ 

NOTE: While we havcTbeen stressing black 
and white photography, it might be well to 
mention that light from a flash will take on 
the color of the reflecting surface. For 
example, if you are taking a color portrait 
using flash in a room with green walls, the 
subject could become bathed in green light 
which can give sickening skin tones. 

The points we have just mentioned suggest 
that practice with your camera and flash unit 
under a variety of conditions is essential to 
developing competence and confidence. 

CAUTION. -For safety and mission success 
you must keep your flash units, synch cords, 
^pflwer packs, electrical power supplies, and 
cameras in top condition. Remember when 
you are working with flash you are working 
,with electricity. Frayed wires, overloaded 
circuits, and corroded batteries can spell 
TROUBLE. Flashbulbs are a particular safety 
hazard as they can explode and cause glass to 
fly in all directions. Therefore, when using 
flashbulbs al^ys have a shield over your 
reflector and don't carry the^bulbs in your 



pockets. (Airmen have been severely hurt 
when bulbs they were carrying in their 
pockets were exploded by radar waves!) 



Exercise (260): 

1. Using table 5-4 as a source of guide 
numbers, solve the following problems, 
a. You are using film rated at ASA 125 
with a shutter speed of 1/500. What 
aperture setting would you use at a 
lamp-to-subject distance of 10 feet? 



b. Your camera is loaded with ASA '25 
film. Your exposure setting is f/11 at 
1/60. What would be your 
lamp-to-subject distance? 



c. You are using film rated at 100 with a 
shutter speed of 1/250. Your 
lamp-to-subject distance is 13 feet. You 
have to open up two stops for a very 
dark colored room. What is your f/stop 
setting? 



5*6. Quartz Iodjn^ Lamps 

^Quaitz iodine^ lamps have become 
increasingly popular for studio and - copy 
lighting. Therefore, you should become 
familiar with this type of lighting. 

261. Identify from a list of characteristics 
those belonging to quartz iodine lights. 

It has been pointed out that all tungsten 
filaments are more; efficient* when working at 
high temperatute.' High temperatures cause 
rapid evaporation of the filament, so that in a 
conventionally constructed light bulb the 
lamp life is short. Research has shown that if 
a halogen such as iodine vapor is present in 
the lamp this combines with the evaporated 
tungsten, which is then attracted to the 
'hottest local surface, the filament. The iodine 
thereby creates a regeneration cycle which 
increases filament life and eliminates bulb 
blackening. 

The quartz-iodine ( also called 
tungsten-halogen) lamps are compact, highly 
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efficient for their size, and maintain constant 
color quality. They are available in a variety 
of sizes and color temperatures. They are 
quite common now in copy, studio, and 
motion picture work where they prove 
superior to other types of incandescent 
lighting. 

Using the quartz-iddine lighting is similar to 
using photofloods or other types of 
continuous supplemental lighting. Exposure 
can be determined by the use of an exposure 
meter or by reference to manufacture 
published exposure guides. In a multiple 
lighting situation, you use the main light to 
calculate exposure. 

One point to remember when working with 
quartz iodine lamps or any lighting system is 
safety. You must be sure that there is no over- 
loading of circuits and that the l^mps are 
handled correctly. One of the key safety 



hazards with quartz iodine lamps is their in- 
tense . heat. They should be handled with 
special heat resistant gloves when in use. Wear- 
ing gloves helps prevent fingerprints from 
being left on the quartz tube. These prints 
can be etched into the glass because of the 
lamps' intense heat. 

Exercise (261): 

1. Which of the following lamp characteristics 
apply to the quartz iodine lamp? 

a. Cool burning. 

b. Synchronized to camera. 

c. High intensity. 

d. Long life. 

e. Should be handled with gloves. 

f. Constant color temperature. 

g. Intermittent light source. 

h. Suitable for copy work. 
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CHAPTER 6 



Photographic Filters 

k 



FILTERS ARE used to control the light 
striking the film. By effectively using filters, 
you can change the relative contrast between 
colors. You can identify, subdue, or eliminate 
a color through the proper filter choice. 
Filters, when thoughtfully chosen, can help 
you to achieve better quality in your 
photographic work. In this chapter we cover 
the construction, types, and use of filters. 



6-1. Construction 

Filters are primarily of two kinds— dyed 
gelatin or colored glass. Let us discuss the 
advantages and care for both. 



brush. Lens tissue moistened in lens cleaner 
should be used to remove fingerprints. 

NOTE: All filters, regardless of the method 
of manufacture, fade with use, It is, therefore, 
a good idea to replace your filters at regular 
intervals. 



Exercises (262): 

1. What are two advantages of using gelatin 
filter? 



2. What is the main advantage of a glass filter 
over a gelatin filter? 



262. Describe specified 
gelatin and glass filters. 



characteristics of 



3. In time, what happens to any filter? 



Gelatin Filters. The simplest filter is a sheet 
of dyed gelatin that can be t:ut into pieces of 
the appropriate size and held in front of the 
lens by a suitable holder. Gelatin filters are 
cheap and are supplied in the widest variety 
of colors. Thus, they are very popular' for 
experimentation, color photography, and for 
use with odd-size lenses. The main 
disadvantage of a gelatin filter is that it is 
delicate. Scratches, discolored spots, and 
fingerprints will render the filter useless. 

Glass Filters. Glass filters are ^iade out of 
dyed glass or by using a sheet of dyed gelatin 
between two sheets of glass. They come in a 
variety of sizes (designated in millimeters or 
series) and types. A glass filter may be either 
screwed into the front of the lens or held by a 
retaining ring (used for series filters). Glass 
filters are more expensive and durable than 
gelatin filters but do not come in quite the 
variety of colors and density ranges. Each 
glass filter should be treated just like a lens. 
Any lint or dust should be removed with a 



6-2.- Effects and Limitations 

The photographic filter is an optical device 
for controlling the transmission of light to the 
film.' To understand the use of filters you 
apply what you know about the sensitivity of 
film and the color quality of light. Using 
filters is easy and will greatly enhance your 
photographic work. In this section you will 
learn what a filter does to light. 



263. Identify the color, absorption, and 
transmission of different colored filters and 
for given conditions, identify likely problems 
in filter application. \ 



White Light. White light or visible light is 
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Figure 6-1. The color star. 

composed of blue, green, and red wavelengths 
of light. These three colors are called the 
primary- colors because none of these can be 
created by any combination of the other two. 
In addition, all three of these colors of light 
must be present to combine and create white 
light. If blue and green light are combined in 
equal quantities, they form cyan. A 



combination of blue and red light produces 
magenta, and green and red light combine to 
produce yellow. Cyan* magenta, and yellow 
are called secondary colors. 

The color star in, figure 6-1 shows the 
primary and secondary colors in a logical 
arrangement. Notice that each color in the 
star has a color directly opposite it. Colors on 
opposite sides of the color star are called 
complementary colors. When, each of the 
complementary colors of light are mixed in 
the correct proportion, they also produce 
white light. Magenta and green are 
complementary and they can combine to 
form white light. Magenta is actually red and 
blue. When green is added, all three primary 
colors are present and white light is formed. 
In the same way, red and «cyan are 
complementary, and blue and yellow are 
complementary. To repeat, red, green,, and 
blue light combined in the correct 
proportions make white light. 

Filter Application. By using a filter over a 
camera lens, we can employ what is known as 
subtractive color filtration. As this is 
explained, you should carefully study figure 
6-2. 

First, let us consider the effect produced 
when the primary-colored filters are placed in 
front of a white light source. Notice that each 
primary-colored filter passes only its own 
color and absorbs the other t\yo primary 
colors. It stands to reason then that when any 
two or all three of the primary-colored 
filtered overlap, no light is allowed to pass. 
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Figure 6-3. Filter application. 



Now consider the effect produced by 
s econdary -colored filters (also called 
subtractwe primaries. Each secondary -colored 
filter passes its own 'color-the two colors 
which combine to create it. As an example, a 
yellow filter passes yellow light and since they 
combine to form yellow, also passes red and 
green. The yellow filter will not pass its 
complementary color blue, and for this reason 
a yellow filter is often referred to as a 
minus-blue filter. Notice that total absorption 
of light by secondary-colored filters occurs 
only when all three filters overlap. 

It is helpful to think of filters in terms of 
the colors they subtract from white. Red is a 
minus blue and green while cyan is a minus 
red, etc. (see fig. 6-3). In this way the result 
of the finished print from a" black and white 
negative which was exposed by filtered light 
can be rapidly calculated. Any color that is 
passed will print light because ' it creates a 
greater percentage of negative density when 
compared with the colons) of light that are 
absorbed. For example, suppose you are 
taking a photograph of a red barn. You are 
using panchromatic film and a green filter. 
The red colored light being reflected off the 
barn will be absorbed while the green light 



reflected off the background ' will pass 
through. The result on the negative will be a 
thin barn and dense surrounding area. A print, 
therefore, will be a dark bam and light 
background. 

NOTE: The exact transmission and 
absorption pattern will depend on a number 
of factors. The density of the filter (the 
darker the filter the more absorption), the 
exposure, the Kelvin- value (i.e. color) of the 
lighting, and the type of film being used are 
all ingredients. You therefore need to 
experiment to insure the results you want. 

Effect of Filters on the Plane of Focus. 
Any filter, whether located in front of or 
behind the lens (occasionally gelatin filters are 
taped to the back of the lens), will affect the 
plane of focus to some degree. (The thicker 
the filter the more the effect.) Whenever 
possible, it is advisable to focus the camera 
with the filter in place (ah advantage of 
ground glass or reflect focusing cameras). T*v.s 
is especially true when high^precisi^n a .« n 
work is being done. 

Limitations in Using Filters. > ou must 
realize that a filter must not be used 
indiscriminately. Film sensitivity has a great 
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deal to do with which filters can be used. 
Orthochromatic film has no sensitivity to red. 
Using a red filter therefore would eliminate 
both the olue and the green, and no exposure 
would be obtained. The color of the 
Lilumination may also place limitations on the 
use of filters. If a subject is being illuminated 
with a pure blue light, neither red, green, nor 
yellow filters should be used. When filters are 
being used, it is essential that you be 
completely familiar with both the sensitivity 
of the film you are using and the nature of 
the illumination. 

NOTE: Our discussion has emphasized 
filter application in black and white 
photography. The same principles apply to 
color photography The main difference is 
that filters for color photography emphasize 
the secondary colors and are usually very pale 
in color 

Exercise? <263)' 

1. A"h.ii p.»in3ry colors of light are absorbed 
and transmitted by the following filters or 
filter combinations? 
a. BIu^ 



h. ' riui-f, ...iu Ye;low 



»: Rod and Cyan 



d. Magenta 



2. What filters would you not use if you had 
blue sensitive film in your camera? Why? 



increase you must understand filter 
factors—the subject of this section, 

264. Solve exposure problems involving filter 
factors. 

Since filters absorb light, the amount of 
exposure given with a filter myst, in almost all 
cases, be greater than the exposure without a 
filter. How much the exposure must be" 
increased depends upon the color and density 
of the filter, the color sensitivity of the film, 
the color of the illumination that falls upon 
the subject, and the reflective properties of 
the subject. 

The exposure increase necessary for each 
filter is given as a filter factor number. You 
can obtain the specific filter factor for your 
film-filter combination by reading the data 
sheets supplied with the filter and film you 
are using. Then there are three methods that 
can be used to calculate your new exposure. 

One way to use a factor is to .divide the 
factor into the ASA or exposure index of the 
film you are using and/then set your meter to 
this new,, figure. For example, with Kodak 
Tri-X Pan rated at ASA 400 and a light-green 
filter having a factor of 4, divide the filter 
factor into the film speed to calculate thd new 
exposure index which is 100 (400 t 4 = 100);. 
•Once you have set. the meter at the new 
exposure index, you can use the meter in the 
v normal manner. Remember, however, to reset 
the meter to the original ASA setting when 
you are not using the filter. 

Another method of applying the filter 
factor is through the f/stop setting. Before 
applying this method, you must be 
thoroughly familiar with f/stop and their 
function in changing exposure. The following 
chart shows what the filter means when 
related to f/stops. 



Filter Factor 2 4 6 8 

/ Increase f/stop by 1 4 2 2 1/2 3 

3. The thickness of the filter may cause what \ ' 

problem? 

As you can see from the chart, a filter 
factor of 2 would require a one stop increase 
(doubling of exposure) from the basic setting. 
This would mean^that if your exposure was 
f/8 at 1/125 and you decided to use a yellow 
filter with a factor of 2 your new exposure 
6-3. Filter Factor Computation would be f/5.6 at 1/125. 

Unless _.ou are using a very pale filter, you/^AA third and perhaps the easiest method t6 
will need "to increase your exposure when you compensate for the filter factor is to multiply 
are us g a filter. To calculate the necessary the exposure time by the filter factor. For 



example, a basic exposure without a filter is 
1/500 at f/8. After installing a filter with a 
factor of 4, the new exposure would be 
calculated as follows: .1/500 X 4/1 - 1/125. 
The f/stop would remain the same. r < 

Filter factors serve only as guides. The 
factors vary from manufacture, even with 
filters that appear to be the same color. Since 
overexposure, can kill the effect of a filter, it 
is a good id£a to bracket your exposures by^ 
full stops to 'make sure you get a satisfactory' 
result. 



Exercise (264): \ 

1. Calculate the correct exposure for each of 

the following filter problems. 

a. Suppose you are going to use a green 
filter with V factor of 4. What would 
your new shutter speed be if your basic 
exposure is f/lPat 1/500? 



b. You are going to use a filter with a 
factor of 2. What would your new f/stop 
be if your basic exposure is f/22 at 1/30? 



The purpose of a correction filter is to absorb 
a portion of the color of the light to which / 
the film is most sensitive. The film then 
reproduces the subject colors in shades of 
gray which, when printed, will correspond 
more closely to the way the eye would have 
rendered them. This type of result is called 
orthochromatic rendition. 

The filter recommendations for correct 
rendering of subjects in black and white are 
ordinarily included in the film data sheets. 
The two filters recommended by "Kodak" for 
their panchromatic films are: 

1. Daylight Lighting-No. 8 (K2)-Medium 
Yellow 

2. Tungsten Lighting-No. 11 (Xl)-Light 
Green 

The medium yellow absorbs the excess blue 
that is found in daylight and to which the 
film is already very sensitive. This cuts down 
density in the sky area and, therefore, renders 
the sky a light gray (rather than white) in the 
print. The light green filter cuts down the 
excess red found in tungsten lighting. 

NOTE* Blue sensitive and orthochromatic 
films cannot be used to achieve 
orthochromatic rendition because of their 
limited sensitivities. 



Now you Are planning to use a filter with 
a factor of 8,. What would your new 
exposure index be if you were using a 
film with an ASA qf 320?' 



6-4. Correction Filters for Black 
and White 

In this 'section you will learn how 
correction filters can help you achieve more 
natural tonal Reproduction in your black and 
white work. 



265. Identify from a list the correct 
filter /film combination that can be used to 
achieve orthochromatic rendition. 



There are no black-and-white panchromatic 
emulsions with exactly the same color 
sensitivity as that of the human eye. The 
* normal eye tends to be more sensitive to 
green while panchromatic films are relatively 
more sensitive to blue or in some cases to red. 



Exercise (265): 

1. Pick out which one of the follbwing 
film/filter combinations can be used to 
achieve orthochromatic results in daylight 
lighting. 

a. Orthochromatic film and an orange 
filter. 

b. Panchromatic film and a red filter. 

c. Blue sensitive film and a red filter. 

d. Panchromatic film and a blue filter. 

e. Orthochromatic film and a yellow filter. 

f . Panchromatic film and a yellow filter. 



6-5. Contrast Filters 

Contrast filters are stronger than correction 
filters. Their purpose is to create tonal 
separation between two colors jvhich 
otherwise would appear as the same shade of 
gray or to create exaggerated tonal effects. 
Proper use of cbntrast filters can make your 
black-and-white work more dramatic and 
interesting. 



266^ Describe the effect of using selected 
contrast filters in different 1 shooting 
situations. 
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Figure 6*4A. Use of contrast filters (no filter). 



Contrast filters come in a variety of colors 
and densities. They are identified in different 
■ ways by their manufacturers. Let us discuss 
the effect ttat $ variety of contrast filters 
have in B&tfk! and white photography. 

Yellow. A yellow filter, as has feeen 
mentioned, can! be used as a correction niter. 
It is a minus blue filter which is used to make 
the sky appear darker in a print.. Yellow filters 



can be found in light, medium, and dark 
densities. The darker the filter the more blue 
that is absorbed. The medium yellow filter is 
probably the best all around filter for daylight 
black and white photography. 

Orange. An orange filter absorbs more blue 
than a yellow one, therefore, it produces 
dramatic (exaggerated) contrast between sky 
and clouds. It can be ideal for beach and snow 
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scenes where greater filtratioi^b^iue may u 
desired. It is also effective for pictures ia 
furniture made of yellowish woods like 
maple, oak, of walnut. 

Red. A red filter is a very strong primary 
filter* It absorbs a great deal of blue. It can 
create spectacular cloud shots as it can render 
the sky almost black on the print. For the 
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same reason, it is good for architecture shots 
of light-tone buildings as they can be made to 
stand out dramatically against a darkened sky. 
"Fake" night shots can be made by 
underexposing with the red filter. A red filter 
(along with oratige) is not usually suitable for 
portraiture, particularly of women, as it leads * 
to chalky slcin tones. 
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Figure 6-4 B. Use of contrast filters (red filter). 
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COLOR STAR 




Figure 6-4C. Use of contrast Glters r green filter). 



Green. A green filter is excellent for 
outdoor scenes as it increases the contract 
^between sky and clouds and lightens foliage, 
bringing out greater detail. In flower 
photography it is effective because it often 
lightens the leaves . while darkening the 
flowers, A green filter is best for outdoor 
portraiture as it renders skin tones correctly* 



It can also be used to render the red lipstick 
lips of a girl darker* 

Blue. A terely used filter as it increases the 
density of blue relative to the other primary 
colors. It is used occasionally to create a 
"hazy" sky which can have pictorial value as 
it produces a greater feeling of depth. 

Filters are very effective tools in black and 
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white photography. They can create effective^ Finally, a filter helps to protect your valuable 

tonal differences which could otherwise only lens. 

be accomplished by very tedious printing , 

techniques. Look at figures 6-4 A, 6-4B, 6-4C, NOTE: Proper /exposure ""^is important, 

and 6-4D to see how the color star can be Overexposure kills the effect of the filter, 

rendered using different filters. Filters are Underexposure creates exaggerated effects 

easy to use. You can examine the scene (i.e., as if you were using a denser filter), 

through- the filter to get some idea of its Know the filter factor of the filter you are 

effect. Through practice you will know which using. The factor varies with the color and 

filter will help you get the result you want. density of the filter. 
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Figure 6-4D. Use of contrast filters (yellow filter). 
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Exercise (266): 

1. Describe the final photographic print effect 
of using a given filter in each of the 
following situations. 

■ a. You are photographing a red rose using a 
red filter. 



* 

6-6. Neutral Density Filters 

Neutral density filters are another type of 
filter you should become familiar with. A 
neutral density filter can hvlp you when you 
encounter high intensity lighting situations or 
when you want to achieve certain 
compositional effects. 



b. You are using a green filter when 
photographing a meadow on a sunny 
day. * 

c. You use an orange filter when 
photographing the White House on a 
clear day. 



d. Today you photograph a mountain scene 
with a blue filter. 



267. Briefly explain what a neutral density 
filter does and how it can be used. 

Neutral density fND) filters come in 
different densities of gray. They arc uspd to 
controi the intensity, rather than the color, of 
light striking the film There are two basic 
shooting situations where a neutral density 
filter comes in handy. The first h> where the 
light intensity is so 'strong that overexposure 
will result with the film that is being used. 
.For example, your camera may be loacfed 
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" Figure 6-5B. Use of polarising filter (polarizing filter, glass). 



\\Hh film rated at 1.000 ASA and you find 
yourself shooting at the beach on a sunny 
cay. Even if you use the highest shutter speed 
and tne smallest aperture your camera has 
you snll overexposed. The second situation is 
when the light is too strong for slow shutter 
speeds or large aperture settings which may be 
important for compositional reasons. For 
exam?!-. yUi may need a large aperture to 
achieve limited depth of field when shooting a 
portrait or a slow shutter speed to give the 
feeling of speed when shooting an auto race. 
If it is a bright sunny day and you have a 
moderate (ex. 40,0 ASA) speed film m your 
camera, your selection of shutter speed and 
f stop combinations may be limited. A, 
neutral density finer in these situations can be 
used to prevent overexposure. 

Neutral density filters are usually identified 
by their density or filter factor. Here is. an 
abbreviated list of neutral density filters that 
are available. 





Percent of 




Dcnttty 


Light Transmitted 


Filter Factor 


0 30 


50^ 


2 


0 60 


25~ 


4 


0.90 




7.7 


1 30 


b^c 


20 


2 00 


1~ 


100 



Exercises (267): 

1 Briefly explain the purpose of a neutral 
density filter. 



2. Briefly explain two Situations where a 
neutral density filter can be used. 



6-7. Polarizing Filters 
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A polarizing filter is applicable to either 
black and white and cplor. photography. It has 
very specialized applications which can help 
you get better pictures. ^Let us learn how a 
polarizing filter works. 



268. Define polarized light and explain the 
purpose of a polarizing filter and how it 
works. 



To put a polarizing filter to work it pays to 
understand how light travels. Light rays travel 
in straight lines and vibrate in all directions 
perpendicular to their direction of travel. If a 
light ray hits a rionmetallic surface, the 
vibrations in only one direction are reflected 
completely. A light ray vibrating in only one 
direction is considered polarized. 

A polarizing filter consists of a plastic 
polarizing sheet between two sheets of glass in 
a rotatable mount. The filter allows full 
transmission of light waves oriented in one 
plane only. It 'therefore polarizes the light it 
transmits. Light attempting to pass through 
the filter at any other angte-»-«ttenuated or 
extinguished. If the light striking ttt£ filter is 
polarized, and the axis of the filter i^oriented 
at 90* to the plane of that light, /lpne of it 
can pass through the filter. \ ^ 

The filter is mounted in fronToFthe lens, 
and its effect can be seen through the reflex 
finder or ground glass. (With a rahgefinder 
camera y.QU can rotate the filter in front of 
your eye. and once the proper result is 
achieved, insert the filter to match that 
position.) By rotating the filter, you rotate 
axis of polarization. If the plane of reflected 
light is at right angles to the axis of 
polarization of the lens, the reflection can be 
suppressed or eliminated. * 

The filter is excellent for reducing the glare 
from water, glass, oil paintings, and glossy 
photographs. (See figs. 6-5A and 6-5B.) The 
reduction of glare greatly enhances detail and 
color saturation. The same can happen with a 
blue sky which is made up of a lot of 
polarized light. With the sun, camera, and sky 
forming a right angle, the camera at the 
vertex, the maximum polarization of the blue 
/vsky takes place, and consequently the 
[/maximum darkening of the sky can be 
achieved without darkening the tone or colors 
in the rest of the shot. If the camera is 
pointed towards the sun or 180 O; from it, 
there is no such effect. A polarizing filter has 
a factor of about 2.5. If used with another 
filter you should multiply the filter factors 
together to get a new one to work with. When 



! 



not used for polarizing, the filter acts as a 
neutral density filter. 



Exercises (268): 

1. What is polarized light? 



2. What does y polarizing filter do to 
polarized light and to non-polarized light? 




3. A polarizing filter is used on what kind of 
subjects? 



6-8, Haze Penetrations 

Haze is a problem in all outdoor daylight 
photography. Haze causes an overall bluish 
cast in color photographs, and Ipwgrs contrast 
in both black-and-white and color photos. 
This is because moisture and particles in the 
air scatter light as it passes through the 
atmosphere. The blue portion of the spectrum 
is affected most. Haze is a problem in scenic 
.and aerial photography (particularly 
important to the Air. Force). Filters and 
certain filteryfilm combinations are helpful in 
fighting this basic photographic problem. 



269. Explain , how certain filter/film 
combinations can penetrate haze. 

Black-and-White Panchromatic Film. Due 
to the excess blue found in hazy- conditions, a 
yellow, orange, or red filter coupled with 
panchromatic film is best suited for the job. 
The choice of filter depends on how bad the 
haze is. The darker the filter the more haze 
penetration, but a darker filter requires 
increased exposure. Fop example, a red filter 
gives good haze penetration but has a filtex 
factor of about 8. A medium yellow or orange 
may prove the best for general outdoor 
scenics. A red might prove best for aerial 
work: 

.Black-and^White Infrared Film. Infrared 
filrn provide^ better h^ze penetration than 
panchromatic film because it can record the 
haze Den^frating infrared rays which are 
longer vthatf visible red-. A dark red filter 
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(Wratten 29 or 70) should be used to absorb 
the ultraviolet and blue rays of light. 
Exposure should be well bracketed to insure 
adequate density since ordinary exposure 
readings will not work. 
. Color Film. There are three basic filters 
that can reduce haze in color films: Skylight, 
UV, and Haze. A Skylight filter (light pink in 
color) absorbs ultraviolet and some excess 
blue- A UV filter (yellowish tint) also absorbs 
ultraviolet and excess blue, but may add a 
slight overall yellowish cast to the picture. A 
Haze filter is practically clear and absorbs 
some of the ultraviolet rays without making 
' much of a color shift. ' 

NOTE: These three filters^ require no 
change in exposure because of their very pale 
nature. They also may be used with 
black-and-white films. A photographer often 
leaves one of these filters in place over the 
lens at all times for protection of the lens and 
absorption of ultravioljet light. 

Color Infrared. Color infrared has good 
haze penetrating characteristics and is 
increasingly * used in reconnaissance 
photography. The film can also be used for 



striking pictorial effects. When using color 
infrared it is recommended that you use a 
deep yellow filter (G15). When this is done 
green foliage comes out magenta, but clouds 
are white and the sky is blue. Other filters can 
be used but the colors are very distorted (i.e. 
with a~>ed filter the sky is rendered green, 
clouds are yellow and foliage is orange). 

NOTE: This is the onjy color film where 
filters designed for black-and-white 
photography are recommended. 

Exercises (269): 

1. Why is the use of panchromatic film with a 
red filter a good haze cutting combination? 

Y 

2. What is the advantage of using infrared film 
to cut through haze? 



3. Why is a red filter used with 
black-and-white infrared film? 
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ANSWERS FOR EXERCISES 



CHAPTER 1 

Reference: 

200 • 1. a. Overcoating. 

b. Emulsion. 

c. Two. 

d. Film base. 

e. Curling; halation. 

201-1. a. Film; processing. 

b. Middle tones. 

c. Slow; even. 

202 • 1. Effective energy variei with the frequency of 
the light. The shorter wavelengths have the 
highest frequencies, hence the greater ener- 
gy* 

202 - 2. The reaction of the emulsion to light varies 
with the frequency of the light. 

202 • 3. The normal sensitivity of a silver halide in an 
ordinarily prepared emulsion is limited to 
the ultraviolet, violet, and blue wavelengths. 

202 -4. Optical sensitization is increasing an emul- 

sion's sensitivity to light of longer wave- 
lengths by dyeing the silver halides. 
202* 5. Panchromatic film/ 

203 • 1. Film latitude is the ability of a film emulsion 

to record a range of subject brightness 
values. 

203 • 2. Exposure latitude is directly related to the 
film's inherent latitude. If the film has 
excellent inherent (i.e. film) latitude, it will 
also have wide exposure latitude. 

203 - 3. Latitude in black-and-white film is related to 

film speed. The faster speed black-and-white 
films normally have greater film or exposure 
latitude than slow speed films. 

204 • 1. The American National Standards Institute 

(ANSI) establishes the procedures for deter- 
mining the speed of sensitized materials so 
that rating systems are standardized. 

204 • 2. a. Exposure. 

b. 200. 

c. Density. 

d. .Slowest. 

e. Slower. 

205 ■ 1. Contrast is the difference between the high 

and low densities of the various areas of the 
emulsion. fL 
205 • 2. Normal contrast is represented by a fuIF 
range of densities, including highlights, 
middle tones, and shadows. 
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205- 3, Slow speed film. 

205-4. In general, the greater the development the 
greater the contrast. 

206 ■ 1. a. Many. 

b. Exposure. ■ 

c. Speed; high. 

207 • 1. a. Crack. 

b. Reduced. 

c. Fogging. 

d. 60 percent. 

e. Up. 

f. Low. 

g. Light. 

h. Abrasions. 

i. Breakage. 

208- 1. Orthochromatic film is sensitive to the blue 
and green wavelengths of visible light. Be- 
cause the film is not sensitive to red, it 
cannot reproduce many subjects with a full 
range of tones. 

)^2&9- 1. c;4;£ 

210-1. lc; 2h;3e;4d; 5f;6a. 

211 • 1. a. Red. 

b. Haze. 

c. Increased. 

d. Heavy. 

CHAPTER 2 

212- 1. The exposure formula that applies to most 
practical work is: Exposure ■ Intensity x 
Time. 

212-2. Intensity refers to the brightness of the light 
striking the film. This brightness or intensity 
is controlled by the aperture setting of the 
camera lens. Time is the interval during 
which the shutter permits light to reach the 
film. 



213-1. Film speed indicates the sensitivity of the 
film to light. Films are numerically rated by 
the American National Standards Institute. 
A film speed number is directly related to 
any other. A film speed of 100 means the 
film is twice as sensitive to light as a film 
with a rating of 50 but is half as sensitive as 
a film rated at 200. 
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213 • 2. The combination of the shutter speed and 
the aperture setting determines the amount 
oMifht that is exposing the film. As the 
shutter speed is set to the next faster one, 
the exposure is reduced .by one-half. Con- 
versely as the shutter speed is changed to the 
next slower one, the exposure is doubled. 
, The same principle applies to the aperture 
setting. Going to the next smaller aperture 
setting reduces exposure by onchalf, and 
going to the next larger aperture size doubles 
the exposure. Therefore, various combina- 
tions of shutter speeds and spertures can 
transmit the same amount of light. 

213- 3. a. 1/250 at f/4. 

b. l/60atf/ll. 

c. 1/250 at f/4. 

214- 1. The scene brightness range is the difference 

between a scene's highlights and its sha<£0ws* 
214-2. The scene brightness range sets the contrast 
of the scene. If the contrast is beyond the 
limits of the film that is being used, shadow 
detail will be lost or highlights blocked up as 
an attempt is made to expose for this range 
of highlights and shadows. 
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215-3. 



1. The law of reciprocity is expressed in the 
formula, E ■ I x T. This formula means that 
if the product of the light intensity and the 
time of the light action is the same for each 
exposure, then each sheet of film having the 
same film speed will iwtve the same density 
when processed the same. 
When you have conditions of extreme high 
or low intensities normally marked by ex- 
tremely short or long exposure times, you 
wiH have reciprocity failure. 
Reciprocity failure results in a loss of film 
speed which causes underexposed negatives. 



both of these situations a reflected meter 
reading might be erroneous because of the 
strong highlight areas of the subject. 
219 - 3. The subject chosen for the substitute should 
closely approximate the subject's reflectance 
and should be illuminated by the same light 
as the subject. 



220 - X. a. Blinded; sun; 
r b. High. 
/ c. Bumping. 

X Zer0 - 
^e. 125° F. 




216- 1. a. True. 

b. False. 

c. True. 



221 - 1. a. True. 

b. False.- 

c. True. 

d. False. 



CHAPTER 3 

222 - 1. The single lens reflex uses a single lens 
system, while the twin lens has two matched 
lenses. The single lens reflex, through the use 
of a mirror, has no parallax problem as the 
photographer can see exactly what the lens 
sees. With the twin lens reflex, the view 
through the top lens may be slightly differ- 
ent than through the botto£ taking lens, 
particularly at close lens'to-subject distances. 
Another difference is that the twin lens 
reflex viewing system reverses the image, 
unlike the single lens feflex camera. 



223 - 1. a. 12. 

b. Cleanliness. 

c. Meter. 

d. Filters. 

e. Magnifier. 

f. CTick stops. 

gi -Forward; back. 

h. Direct viewfinder (or sports finder). 

i. Lens tissue. 



217 - 1. 



f/22. 

f/5.6. 

f/5.6. 



218-1. The purpose of taking a reflected light meter 

reading is to measure the amount of light 

being reflected by the subject. 
'218-2. The purpose of taking an incident light 

meter reading is to measure the amount of 

light falling on the subject. 
218-3. a. Subject. 

b. Incident. 

c. Camera. 

d. Reflected. 

219 • 1. An average reading is a reflected reading that 
is taken by pointing the meter towards the 
middle of the subject. The meter averages 
out the highlight and shadow differences. A 
■scene brightness reading requires two re- 
flected readings. One reading is made of 
the highlights and a, second one of the 
shadows. The values of the two are then 
averaged to calculate the exposure. 

219 - 2. An incident meter reading is valuable when 
you have contrasty or backlighted subjects. In 



224-1. a. Parallax. 

«*< b. 35mm; 50mm; 90mm. 

c. Subdued light. 

d. Feet. 

e. Red dot. 

f. Reversing; R. 

g. 1/50 second. 

h. Focal plane. 

i. Film counter, 
j. 1/30 second, 
k. 35mm. 

1. Burn; hole, 
m. Dry. 
n. 90mm. 

0. Flash bulb. 

225 - 1. a. Bayonet. 

b. A. 

c. X. 

d. Automatic diaphragms. 

e. R. " 

f. Taking aperture. 

g. 1.3. 

h. Center-weighted. 

1. T; shutter speed, 
j. V. 
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k Two seconds. 
I. Shorter. 
, m. Green dot. 
n. Titanium. 

226 - 1. a. True. 

b> False. 

c. True. 

d. False. 

e. False. 

f. True. 

g. True. 

h. False. 

i. True 
j. True. 

227 • 1. a. The horizontal swing back is u*od to 

correct distortion o* perspective in the 
horizontal £>Une. J 
I). The horizontal swing front Is u&ea to 
focus and increase the depth of Held 
when the horizon' aJ swing back is set off 
center. 

c. Tne vertical tilt front is used to focus and 
increase the depth of field' when tne 
vertical tilt back is set off center. 

d. The vertical tilt back is u&ed to correct 
distortion dr perspective In the vertical 
plane. 

e. The sliding front is usee! to ;erter an 
object on (he ground glass when tne 
object is not directly in ;ront of ihelens" 

f. The sliding back is used for additional 
correction ovei what is provided by the 
sliding front. 

g. The fa»Jmg front is used to c*»nt^r t^o 
subject vertically on the ground giass 
when' the- subject is too low to the 
camera. 

h. The nsing front is used to center* the 
subject vertically on the ground glass 
when the subject is too high to /the 
camera. 
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231 - 1. a. 16mm, 

b. 100. 

c. 24; 400. 
' d. 3. 

e. 4; 6. 

f. Critical focuser; focusing scale. 

g. 16. 

h. Rotary-disc. 

i. 1/40. 

232 • 1. a. Direct. 

b. Six. 

c. 16. 

d. 24. 

e. Slow motion. 

f. Speed. 

g Diaphiagm. 

h. Tripod , exaggerated. 

i. 24. 

j. Hand crank. 

k. Opening; closing, diaphragm. 

1. Lap dissolve. 

m. Focusing, composition 

n. Backwind. 

o. Backwinding. 



CHAPTER 4 

233 - 1. Focal length is defined as the distance from 

the optical center of the lens to the image 
produced by the i^ns at the focal plane, 
when the lem »s focused on infinity. 

234 ■ 1. F/stop- at« emulated by dividing the focal 

length' of the lens by the diameter of the 
aperture 

234 - 2. With °a"h f 'stop change to a smaller aper- 
ture fUfsrer *7 st $P miniver) half as much 
h<*ht is admitted a* compared to the previous 
f/s;op. With e«ch f/stop change to a larger 
aperture (smaller f/stop number) twice as 
n'ucu Wghl is admitted as compared to the 
pj'eviot* f/stop. 



2Zb ■ 1. 




16, 22. 
Spirsl levels 
Revolving back. 
Ground glass. 
Tripod. 
Rear standard. 
Front. 
Leaf. 
12; 30. 



229 * 1. a. False. 

b. False. 

c. T/uc. 

d. True. 

e. False. 

f. True. 

g. True. 

h. True. 



230 • 1. a. 35mm. 

b. Electronic flash. 

c. Camera; lens carriage. 

d. 12. 

e. 4X. 

f. Emulsion down. 

g. Shutter. 

h. Emulsion up.. 



233 - "5 Thp speed of tine lers i* calculated by 
dividing the focal length of the lens by the 
diameter oi the maximum aperture. 

236 " 1. Circle of illumination is the circular field of 
light that is projected by a positive lens. 

236 • 2. Tne usable circle of illumination is deter- 

mined by including only that portion of the 
total circle of illumination that has sufficient 
intensity to produce satisfactory images. 

237 - 1. The angle of field of a lens is the widest 

angle at which light enters the lens ajid 
produces the usable portion of the circle of 
illumination. The angle of view is the angle 
of lieht that is necessary to provide adequate 
coverage of the film that is being used.i It 
may be equal to but is never greater than the 
angle of field. 

c 

238 * 1. Resolution refers to the ability of a photo- 

graphic lens or material to record fine detail. 
The normal method ot measuring this qual- 
ity is to photograph a suitable test pattern at 
a 'greatly reduced, scale, and then examine 
the developed image under adequate magnr- 
fication to calculate the smallest detail. 
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238 * 2. Definition refers to the quality aspect of a 

photograph that is associated with the clar- 
ity of detail. It is a subjective evaluation 
based on an observer's view of the photo- 
graph. ' 

239 - 1. The purpose of coating a lens is to improve 

light transmission and reduce optical Hare. 
239 - 2. The lens should be cleaned with the proper 
tools. These include: a fine brush, lens* 
tissue, and lens cleaning solution. Through- 
out the process of dusting, cleaning, and 
polishing there should be no undue pressure 
that would "rub-off" the lens coating. 

240*1. A normal lens has a focal length that is 
about equal to the diagonal dimension of the 
film being used. 

241- 1. a. Shorter, b. Smaller, c. Depth of field. 

d. Center; edges. 

242- 1. A long-focal-length lens has a focal length 

greater than the diagonal dimension of the 
film. 

242 - 2. The narrower angle of coverage and the 
larger i mage size for a given 
subject-to-camera distance produced by a 
long focal-length lens isolates the subject 
from its surroundings. A short focal length 
lens has much wider coverage and, thus, a 
problem of creating a strong point of inter- 
est. K 
242-3. Long-focal-length lenses magnify camera 
shake, and it is necessary to use high shutter 
speeds to correct this problem. 



247 - 1. Depth of field is the distance from the 
nearest plane in acceptable focus to the 
farthest plane in acceptable focus. 

247 - 2. 1. Focal length. The shorter the focal length 

of the Jens the greater the depth of field. 

2. Lens-to-subject distance* The greater the 
lens-tb -subject distance, the greater the 
depth of field. 

3. The aperture. The smaller the f/stop 
setting, the greater the depth of field. 

248- 1. Depth of . focus is the distance in front of 
and behind the film that renders acceptably 
sharp images. 

248 - 2. 1. Focal length. The longer the focal length 

of the lens, the greater the depth of focus. 

2. Lens-tosubject distance. The shorter the 
lens-to-subject distance, the greater the 
depth of focus. 

3. The aperture. The smaller the f/stop 
setting, the greater the depth of focus. 

249 - 1. 4 feet. 

250 - 1. The critical aperture is that lens aperture 

that transmits the sharpest image. 

251-1. Mechanical flare is caused by reflections that 
occur off the lens barrel or camera. These 
reflections are usually caused because a 
metal surface has been damaged or bur- 
nished. The method of correction is to coat 
these surfaces with a nonreflective coating. 

251 - 2. Optical flare is caused by reflections off the 

glass surfaces of the lens. Such flare can be 
reduced or eliminated by a proper lens 
coating and the use of a lens shade. 



243-1 a. True. 

b. True. 

c. False. 

d. True. 
False. 



244 - 1 . The two controls that determine image size 

are: (1) the focal length of the lens that is 
used and (2) the lens-to-subject distance. 
The longer the focal length, the larger the 
image size. The closer the lens-to-subject 
distance, the larger the image size. 

245 1 . Perspective is controlled entirely by the 

camera-to-subject relationship* The shooting 
position sets the relationships of all objects 
in the scerieT"*^ 
245-2. Focal length controls image size but not the 
relationship of one object to another. 
Changing to a different focal length propor- 
tionally changes all of the subject sizes but 
not their relationships. 

245 - 3. 16 x 20. 

\ 

246 • 1 . Image-forming light passing through a photo- 

graphic lens forms small circles of light on 
the film plane. How sharp, small, and well 
defined these "circles of confusion" are 
determine how sharp the image will be. 
When the image is focused so that the circles 
of confusion are the, smallest possible for 
that lens, the image is said to be in critical 
* focus. 



CHAPTER 5 

252-1. Light is a form of wave (radiant) energy. 
252-2. Radiant energy is measured by frequency or 
wavelength. 

252 - 3. The product of frequency and wavelength 
determine the speed of travel of a given form 
of radiant energy. 

252 • 4. Due to the difficulty in measuring fre- 
quency, wavelength in air is used to identify 
different types of radiant energy. 

252-5. Wavelengths of energy-that,can be controlled 
by the Laws of optics (ex. bent by a lens) 
form the optical spectrum. 

252 -6. Violet. 

252-7. Red. 



253 • 1. a. Transmission is the principle of light 
passing through a non-opaque medium. 
A translucent medium is one that diffuses 
the light that is transmitting through it. 
Frosted glass is an example of a .translu- 
cent 'medium. 

A specular reflection is one that returns 
in the same plane and at the same angle 
as the incident light. 

The color of an object is determined by 
the manner in which it reflects and 
absorbs light. 

Brightness of a particular color will affect 
how much light will be reflected by it. A 
bright color will reflect more light than a 
dull color of the same tint. 



b. 



c. 



e. 
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f. A normal ray is one that does not change 
it* direction as it passes through a partic- 
ular medium. 

g. Dispersion is the breaking up of white 
light into its different colors. 

h. The Law of Refraction states: If light 
* enters a medium of different density at 

an oblique angle, its direction is changed 
so that the ray of light is bent toward the 
normal if the medium is more dense, or 
away from the normal if the medium is 
less dense. 

254 - 1. a. False. 

b. True. 

c. True. 

d. True. 

e. False. 

f. False. 

255 • 1. Electronic flash units are light, convenient, 
v and powerful. 

255 - 2. Electronic flash gives a penetrating light 
which gives good shadow detail. Its brief 
flash eliminates the problems of eye contrac- 
tion. Not being a continuous light source the 
subject is not bothered by hot glaring lights. 
All these make electronic flash ideal for 
portrait photography. 

255 • 3. Guide numbers for electronic flash are based 
on the output of the unit in relation to the 
film speed being used. 

255 - 4. A ghost image may be caused when you use 

a shutter speed that is slow enough for an 
image to be formed by the available light as 
well as by the flash. 

256 - 1. Flash synchronization is a system whereby 

che camera shutter mechanism is designed to 
complete the electrical circuit of the flash at 
the proper time. 

256 - 2. An electronic flash reaches its peak of 

intensity" almost instantaneously. Therefore 
electronic flash is "X" synchronized to go 
off as soon as the shutter is tripped. This 
principle makes synchronization with a leaf 
shutter easy, because a leaf shutter opens up 
A exposes the entire film format once the 
snutter is released regardless of the shutter 
speed that is chosen. As lon<* is the shutter 
speed is not shorter than the peak duration 
of the flash being used, the entire film 
format will be properly exposed. However, a 
focal plane shutter uses a curtain type 
arrangement. At high shutter speeds, the 
film is expo?*d by moving a slit across the 
width of the film format. Though each part 
of the film is exposed only ^ra brief time, 
it takes quite a big longer for the slit to 
move across the entire film format. The 
result is that there will not be even exposure. 
Therefore, synchronization is possible only 
at slower shutter speeds where the focal 
plane shutter works Joy using a large slit that 
exposes the entire film format at one time. 
For most focal plane cameras this means a 
shutter speed ^of about 1/60 when using 
electrcr.ic flash. 

257 - 1. Bounce lighting is preferred because it pro- . 

vides a diffused light that eliminates the 
harsh shadows that result from direct flash. 



257 • 2. Open flash is non-synchronized flash. The 

shutter is opened, the flash is tripped, and 

then the shutter is closed. 
257 - 3. A slave unit is an electronic flash unit that is 
, tripped by a photocell which reacts to the 

flash which is synchronized to the camera. 

Slave units are used in multilight arrange 

ments. 



258 - 1. a. Continuous. 

b. Insufficient output. 

c. Red. 

d. Fine alloy wire. 



259- 1. Flashbulbs take about 20 milliseconds to, 
♦reach their- peak. The shutter, therefore, 
must be stopped from fully opening until 
this peak is reached. "M" synchronization 
holds the shutter for about 15 milliseconds 
to accomplish this task. 

259 • 2. Lighting ratio is the difference in intensity 
between the highlights and the shadows. The 
lighting ratio can be changed through posf- 
tioning of the lights and the control of their 
intensity. 

259 - 3. Synchro-sunlight photography is using flash 
outdoors to reduce the intensity of shadows 
caused by bright daylight lighting. 
259 - 4. The necessary steps are: 

(1) Using a meter compute the correct 
exposure for the highlight area of the 
subject. 

'(2) Find the guide number for trie unit, 

film, and shutter speed being used. 
(3) Divide the, guide number by the f/stop. 
chosen for the exposure. The resulting 
• number is the flash-to-subject distance 
> that should he used. 
259 - 5. The second i.«mp acts as a fill-in light to 
reduce shadows. 



260- 1- a. f/ll U25- lOi. 

b. 11 feeL(l 25 t 11). 
' c, f/5.6 (140 - 13 

f/stops). 

261 -1. c;d;e;f;h. 



plus opening two 



CHAPTER 6 

262 • 1. The two advantages in using gelatin filters 
are that they are inexpensive and come in a 
wide variety of colors. 

262 - 2. Glass filters are quite durable as compared 

„ with gelatjn filters. 
262- 3. All filters fade time and have to be 
9 replaced. 

263 -1. a. A blue filter transmits blue and absorbs 

green and red light 

b. A combination of a green and yellow 
filter would transmit green and absorb 
red and blue. N 

c. The complementary combination of red 
and cyan would absorb all colors of light. 

d. Magenta would pass red and blue and 
absorb green light. 

263 - 2. Red, green, and yellow filters should not be 
used with blue sensitive film, since it is 
sensitive only to blue and ultraviolet light. 
Any filter that would completely absorb' 
blue would be unsuitable. 
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263 • 3, The thickness of the filter can cause focusing 
problems. The thicker the filter, the greater 
the alteration to the light waves, It is 
therefore best to focus with the filter in 
place* 

Z64-1. a. 1/125. 
b. f/16. c 
V c. ASA 40. 

265- 1. f.. 

266- 1. a. The rose appears light and the green 

leaves appear quite dark. 

b. Using a green filter gives the sky a more 
natural tone and produces more detail in 
the grassy meadow. 

c. The orange filter causes the sky to appear 
quite dark and the White House to stand 
out to a greater degree. 

d. The blue filter causes the sky to appear 
quite light and hazy with little detail. 
This can give quite a feeling of depth. 

267 -1/ The purpose of a neutral density filter is to 
* cut down the intensity of the light striking 
. the film without changing its color quality. 
267 - 2. (1) By using a neutral density filter you can 
prevent overexposure when you are using a 
highspeed film in a high intensity lighting 



situation/ (2) By using a neutral density 
filter you may be able to select large 
aperture settings or slow shutter speeds for 
compositional reasons and yet not be over- 
exposed. 

268- 1. Polarized. light is light that is vibrating in 
only one direction, 

268 - 2, A polarizing filter blocks polarized light that 

is perpendicular to it. The filter polarizes 
non-polarized light, • 

268- 3. A polarizing filter is used to cut down' 

reflections from* non-metallic surfaces and to 
darken blue skies. _ - „ 

269- 1, In a hazy situation^ybu have an excess of 

blue, A red filter absorbs blue to a greater 
degree than other filters; and" therefore 
permits a greater percentage of haze cutting 
red wavelengths of light from the image on 
the film. , 

269 - 2. Infrared film is sensitive to infrared waves 

which are longer than red. The longer 
wavelengths of light are better able to cut 
through haze. This results in greater detail. 
269- 3. A red filter is used with infrared film to 
absorb blue and ultravicTet wavelengths. This 
insures that the image will be formed by red 
and infrared wavelengths. 
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Multiple Choice 

(":C0)^Nhich of the following gives fils its basic characteristics? 
» r 

z . The envision coating. c. The base. 

b. Tr.e substratum coating. d. The antihalation coating. 

(221) The T^orit^r cf fiin bases are cade out of 

a. 'glass. c silver nitrate. 

b. cellulose nitrate. d. cellulose acetate. 

C:i) Generally, the faster the filn speed the 

a. -ore limited the latitude. 

b. greater the grain ir.ess. 
z . ~iz u e? the contrast. 

c. -ere limited the spectral sensitivity. 

C:i> 3rair is rest apparent in what area of a print? ^ 

In the highlients. c. In the shadows. 

C -~ -* re -iddle^tones. d. In the borders. 

C:2) *A fiir that is sensitive only to the blue and green wavelengths of light 
wculc be described as being 



c. blue sensitive. 

d. infrared. 



(2C3) Serially, exposure latitude is 



inversely proportional to film speed, 
inversely proportional to contrast latitude, 
direct lv~ trcporticnai to film latitude, 
inversely* proportional to fil* latitude. 

) Based cn ASA ratings, which of the following filss would bfMst 



c 

sensitive to light? 



60 



c. "250. 



b. 125. « d. UOa. 

(205) The difference in brightness between a. subject's highlights and shadows 
is called . ' 

= . the subject $urve. , c. contrast. 

b. the range zone. r4 d. the subject aone: s 

(2G5~) A high inherent *fi in contrast is usually associated with a 

- 2-ainv file. c. reduced development. 

b! slow-speed enuision. ' d. high-speed ectulsion. . 

(205) Photographic resolution improves with 

a, overexposure c. underexposure, 

-b. grateness. * d - a slow-speed -emulsion. 



#d - 



t * 

11. (:m An'e^tre-ely .low storage temperature will have all of the following 
effects upon fil~ excect for 

~ :i-^se: brittler.ess . c. shrinkage. 

?! Educed fi> steed. an increased contrast. 

i:. Cm Filo should ce stored at low temperatures* where the relative hunidity 
does not exceed - * 

5 . 50 oercent. =• ^ ?« cen ;« 

S: percent. , =° ?•«*«*• 

13. Slass pljtss are used primarily in what area of photography? 

... c. Scientific. 

2. 'ecicr. picture*. 

:. rnoto; oralis-. «• Sports. 

1-. (2:3) :rthccr.rccaci= filr would oe suitable to photograph which of the following 

s-hjects? f , 

, s :_ / c A red apple. 

J! Uo^'s^rtrait. S. A -an 'a portrait. 

• s " 7 .^e : par.ohro-.atic is zore sensitive to which color of light than 

other types of panchromatic file? 



a - lf d - d! Infrared. - 

2. Blue. — 

16. (21C) Vhat type of Polaroid fil= with an ASA rating of «.0C will produce a 

• 5: it*. *• 125 • 

.. tsaiw ?rop er focusing- «h« using infrared filr, the lens -to-filr 

distance sho-ld be 



dolled. 



slightly decreased. 



d. halved. 



slightly increased. 
> will the density of natural foliage appear on an infrared negative 

as compared to that of a panchromatic negative? 

a. It will be lighter. » . 

r. It will ce the same. • 

V - w" " : w e darker. 

^ d". It will be darker only if a green filter is vised. 

19. 'Ill) Ahat is tne basic exposure forrula? 

=■ = - A V d £ , : X X. 

b. z = r >: s-. \ 

•;::?> *hat does the term- "close cown one stop" rean? 

a Increase vour exposure by one-half, 

b! Increase your exposure by one -quarter. 

c. Peduce -our exposure by one-hair- 

d. reduce your exposure by or.* 
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*.tivess range is the relative difference between 



tr.e 



different cnades of cclcrs . 
-Iff— -iVn^tor^li— intensities. 



. a>.' is expressed by the elation 

c. ? = s r. 
: x t 



T 



re :i .r: .If failure will rssuit ir. 



easec re-: 



a ler.s aberration. 

a reduced develcp-er.t ti~e. 



= * • - ire? 



.r mire: 



filler / fil~ cc-ir ir.aticns w_l rest cer.etrate 



-tir f il~ and an cra-g ; filter. 



a iar- red filter. 



>er -si-- a -=ta -.id- -art, a src* scer.e should be placed under 
rrir-rress rategcr"? 



-verare. 
lar<. 



:i:? tat -re cf extcs.re ^eter will "easure the light falling or. the subject? 
* 5^flactive. 



; > : - "cu al" a reflected exposure ne 

•\\ ire ta-dr.r - tat ' ir d of a teter reading 

a. -verage. 7 

: . brightness ranee. - 



Incide^r- 
Thr^ccint. 



er t— arc the -iddla cf tre : Jrject, 



Substitute, reading* 
Incident. 



'12: ">rnen operating an exposure ~erer, ycu should do all cf the following 



- e-.cetc to 



\.+ Zzi'z tre -erar. 

: . —ctect the teter fro-, being, burped about, 

c. protect the ~eter fro- high, temperatures, 

i. ta-e a -eter reading of the sun. 



29. •' The zra;- sice or a gra-v 

11: t falling upon it: 



a. 1? percent*. 



:ard will reflect what percentage of incident 



c. 90 percent. 

d. 5 percent. 



- : :f The top lenu? of a r.v'in ler.s reflex is used for 

= .~ -a-ir.g the picture, 
c. ••ieving. 

c. r later en t cf the diaphragm. 

d. racking nt bettor lens in case of a malfunction. 



ERLC 



-5 . y 



< 2 :i) The "Roiicifl**" car.ra feature aril of the Spile** e^cerr 

• c . a built-ir. flsst svrlch: 

.!:- llt'Sli; „. AL..^-:..r!^l^r:„: 

0:3, Trier, of t» foiled le. *• "?ol-"^*" :r-.«. 

.. • view ?au»t« - >" iae 4 #tl r^«*«- 

V A ? „ir. ler.s reflex camera ^^gre= r 2 - . 

.in-- - :i.iv" is ideal i>'*« ""• 
* direct viewflr.^r y> ore Fo~e--- •* 



caoirr . 



-f as.si-pr.rent" 



r. 3 verts. 



-a rsr.fefir.der focusing systen has all - 




-.. rara'.la* croc* s. 

■ r « -ievfinder has fra--- <ir, t**'—'- 

e- • ~;'_r.z focal lengths: 

75-, **r- ■ ; ?: „ 

i:= u) Ucr-.ail>, wr.e, loaoir.g to ir.tc ■ Y ' 

:-. a curded lis."- 

ir. total darkness. 3 ._ s ^.:i-: -. 
_.,_„ - 3-aTeTi ghr r * * ' ~ 

. • ,•• ^iis the ~~~~ ' •" 

3-. ' The preview' selector or. .r.e 

-heck rcr.s. 

1. ehscs* xh« a??rc?»«» -«»• ^ ... ^- 3rr .-3 • rs .. 

. v. v.'2luare-. depth cf fielc , . 

(225) Vher. using tr.e Tsr.utcer set.ir. 5 , - - 

~o--~ : r.z the s*. ret -J" 
>.*. releaser a ca!jie release. •• — ; rtiift : - . 

resettle.? the seir-tuner. 

•ce lever d:-:" *H - 




. ..... c. advance the ex? : ; :f. to- ter. 

advance the — 1 d aotivao- the r.etor. 

cock the shu'tsr. ' 

.The tnree tethods of foxing the "^er Speed ^bi=- L--^ 



2. 



Ml* (225) How many different methods can .be used to release the shutter on the 
Super Speed Graphic camera?' , ' - . 

a^ 1. c„ 3. 

b, 2, / / d. . ». r : ^ 

42.. (227) Khen using a view camera, what combination of controls are used to 
position the image on the ground glass (ftite^plane)? 

a. / Front swings and tilts. 

b. Rising, falling, and sliding movements. 

c. Back, swings- and -tilts - — — - - - - ~~ 

d. Rotating, back and vertical swings. 

*£3. (227) Which view camera movement is used to correct distortion or perspective, 
in the horizontal plane?. 

a. Horizontal swing front. c. Horizontal swing back. 

b. Vertical tilt front. d. Sliding bac^c. 

(227) A maximum depth of field in the vertical, horizontal, or intermediate 
olane with a view camera is> achieved through the use of the 

a, rising and falling '£ront. i c. sliding ba|k. ' . ~ 

b. front tilt and swing. d* back tilt^lnd swing. 

^5. (228) The, "Calumet" view camera has all of the following features except 

a. 30° vertical tilts? . c. spirit levels. 

d. a revolving back. d. 15° horizontal swings. 

u6. (229) The "Princeton" Model 17 copy camera is used in the horizontal position 
to copy . 

a. printed circuits. c. exploded views. 
: zr. — solid objects-: — — — — — dT — tran s pa r enciesT ; 



^7. (2300 The "Repronar" 805 camera is designed to copy what maximum §ize 
transparencies to 35irsn film? 9 

; a. ^x5 u . * - ; c, .2 1A" X 2' 1/4", - * 

b.- 2-lA" x 3 1/4". '* " '* d* 100mm. " 

U8. (230) ^The- type of light source used by the "Repronar" 805 camera is a 

a^ "huiXt-in" electronic fl^sh. " ;~ " c. ^phdtb^L'ood^ *T~* " • ' 

h. -tungsten . bulb \ - - - - m dV- tjuarta iodine lamp. 

^9* ,(230) To set the topx&tt exposure -and -filtration on ^the^Repronar" 805 camera, \ 
- ~you^us'£ " "know' the . . . • ' *~ 

-a. size of film you are copying, , c. aperture you are using, 

b« film value you are using* d. degree of magnification . 

50. (2-31) What is the maximum ^length film magazine which can be used on tfie B-IA 
"BeH and Howell* 1 70-KM camera? 

a. 100 feetv ' cS: 300 feet. 

\3 b. 200 feet X/ / , , 4*>W<tft4t. 



:-/>} 



51. (231) The ITnm lens £or the B-1A camera can be turret attunted with, which 
combination of lenses? 



a. 1" and 2»\ c- 3" and 6", 

4? _^^»i r ^ a ^^! v — _ d . .tiLaadJJLu 



52. (232) How much initial footage is used as a*ight-proof protective leader on 
" the B-1A camera when a paper leader is not provided? 



a. 4 feet. ' c. .8 feet. 

b. 6 feet. d. 10 feet. s 

53. (232) A speed of 64 frames per second with the 3-1A camera will give what 
effect? . ; 

a. Slow motion. - c. Underexposure. ^ ^ 

b. Overexposure. d. Accelerated njotion. 

54. <232) Backwinding on the 3-1A camera is used to achieve all of the following 
effects except 

slow motion. c. titles on a moving background, 

double exposures. . ,/ d. lap-dissolves. 



a. 



(2*3) The distance from the optical centeTof the 'lens to the image preyed by 
the lens at the focal plane when the lens is focused on xnrimty is the 

a. ootical length. c , f^* 1 length. 

b. conjugate distance. d. hyperfocal distance. 



3C. 



(23^) The. formula used to calculate f/s"5ops is 

: = FL* 



a: r = — • 



b . f = ?L X D . - d. f = FL - 2. 

_ * L__ _^ — ^ 

(235) The speed of a lens is calculated by dividing the focal lengtxi of the 
T^y the diameter of the ' , 

critical aoerture. c. hyperfocal aperture, 

maximum aperture; , d. minimum aperture. 

All of the-following statements regarding" the circle of illuninafion 
' yi except that the circle of illumination 

£s formed by' a positive lehsv - - - r • 

includes the usable circle of illumination. * 
~> can be formed by a negative lens*. 

Z zgrzs a sharp image in the center BtCf not afcj** edges _ ^ 

(237) The maxiaum coverage of a lens is expressed in degrees as Being the ■ 

.'a. focal length. c. angle of view 

b. angle of field. ■ ' . optical coverage. 

€0. (238) -The ability of a lens to recbrd fine detail is called its 

■a. ooticaJ sensitivity. ' acutairce. 
- t. defSon. ' ' ; :■ .1. ^solving ; power. 

61. (239) A photographic lens should be cleaned with ^ , .. . 

~ - > . . - -• . — ^ . . 

• • so*' &x - c * -4 ^ e B? *is su s. • •. •_ 

7 7?: r « Seglass tissue:^ 7 "" ' " dT a -chemical wipe. - - 




r 



(2U0) the normal focal length or a lens for a '35m film should be 



35mn,* 



Ol) All of fee followlirg-are Vdvi 

a. an esse of conpositicn. 
p. a snort focal length: 



c. a good depth of field. 

d. an ability ,Ttf "zone focus." 



X2*i2X. By adapting a, acrca! lans fron an B x 10 camera to a > x = 
you would have a 



wide angle lens, 
normal lens. 



long-focal-length leas, 
telephoto lens. 



k2%± ) Each of the following are true statements about a long-focal- length 
ler.s except that i\ 4 

a. is like a telescope. , 
has a narrow angle of coverage. e 
has a focal length greater tr.ar. the diagonal dimension of the filr,. 
hap '5 great depth of field. 

Sf~w2cz of the refill i:-; rtatere^Fis true of : a~tele : hct^ lens? 

> has " the sane design as a lor.^rfocal-length ler.s. 
It is adapted fcr fast shutter speeds. 

It usc-s a special design to achieve a long -focal -length effect. 
It uses a positive rear elerer.t to achieve a long effective focal length. 



(2^-) Irr-age sLzz can be ccntrcllei by the / 



ler.s focal length, 
.detthef ./yield. 



aperture selection . 
_sjautJ^r_s^^^_el^^tio.n_. 



X2iiS)' Khat is the normal reading distance? 



a. 6 inches. 

b. 9 Irenes. 



12" inches. 
15- inches-. 



(2&c) The circles of conf'j tsion for a moderate enlargement should not have, 

it fraction' of the focal length of the ifens-? 



diameters t 



=h f t 



>:•>;. 1/2C00. 



exceed what 



c. : 1^3050, 

d. i/^obo. 



i 2*" )\ All of the following -praetors affect the depth of field except the 



■a. focal length of the lens, 
b. lens-to-subject distance, 



d. 



shutteV; speed selection 
aperture setting. 



(2U5) The "depth of focus increases with 

distance . 



a. a decrease in. focal length. 

b. an increase in subject-to-len 

c. an increase. in shutter speedy 

.d. the selection of a smaller aperture 



- C»») .Assume that' you are photographing* a subject that is 10 feet from 
lens. It is calculated that the distance from the subject to ? feet beyoTTd will 
be acceptably sharp. What should the zone of acceptable sharpness be, starting 

- with the subject and going toward the camera? 

b. . 6 feet, * d - » feet * 
. (250) The critical aperture is ^ 

a. the same for all lenses. 

'b. "'used' to archreve^maxiraum depth- of- field.- r - - - 

c. only of concern to the lens manufacturer. 

d. used to achieve a maxiinum sharpness. , * * 

m. (251) Mechanical flare is • 

c ' . 

a. corrected by using a nonreflected coating ^ 

b. caused by reflections from the glass-torair surfaces. 

c. found in every lens. 

d. corrected by using' a lens shade 1 * 

"3. (252) Which of the following/types of radiant Energy does not conform-Jo the 
optical spectrum? * 

' a. Ultraviolet. - ~ Visible light. , 

b. Infrared. ' , " X ~ ra y s ' * . 

76. (253) When^igM strikes a surface, " each of the following can occur except for 

a; transmission- 1 . , ! ' . c ' conversion. ^ 

b. reflection. absorption. ■ 

77. (253) The Reflection off a highly polished surface is likely to be 

— i^ecula-r 1 ^ ' er—aispeaesed. 

f- Si • d. diffracted. . . 

d. dirrused. • >«.- ; 

78. (253) The Jbreakiag up of white light into its constituent colors is caused by 

a', diffkio).. . " c - ^flection. 

b, : refraction. ' • *■ dispersion. 

79,. (25U) The biggest variation in the nature of daylight at any given inoment is 
caused by the^, ....... 



• a . season ot-theVear. : ' \ c gather .... . .; . . 

b. time of day:"' ' ' d - i^aphy. ■ ; - .• 

50.**(25S3 Which of the following is not a characteristic of an. electronic flash?, 

a Tt is suitable for oortraiture » ' c. It has- a short flash duration, 
b! K SsTpSetraSn| Ught s«ce. / d. It has a high-heat production.- 

81. (256) What type of synchronisation is used with an -electronic flash?. . " _ 



82. .(257) Which method of using an electronic flash is most likely t o approximate 
'-the effects of natural lighting? ~* 

a. An on-caraera flash. ' c. - Bounce flighting. 

b. A multiple electronic flash. d. _ Spot lighting. 

$3. "(258) ' Incandescent lighting basically depend* upon what factor for light? 

a. Special circuitry. c. -Gases. 

b. Heat. <*• Cosmic rays. 

34, (258) Which of the following is not a characteristic of flashbulbs? 

a . They provide a continuous light source . 

b. They give off heat. 

C. They come in different sizes. 

d. They depend on the combustion of a hair-fine alloy wire. 
85. (253) What type of syncnronization is used with the majority of flashbulbs? ^ 



up ft c. "M." 

" " d. "X." 



So.y ^252) Assuming tne correct exposure for the highlight area of a subject is 
" f/11 at 1/250 and as sun in g the guide number is 110, what should the 
- fl3Shb'.rlb-to-sub:ect distance be? 



\ 

10 feet. d f 20 feet. 



x a. 5 fee*- c - 13 feet 



57. (260) Assuming your flash guide number is 110 and your flash-to-subject 
distance is 10" feet, what should your f/stop setting be? 

a. f/3. c. f/15. 

b. f/11. m f /22. 

36. (260) What percentage of the light of a flash fired in a room will go directly 
to the subject? 

* a. 75 oercent. c« 25 percent, 

b. 50 percent. - d. 18 percent. 

89. (261) ~Whifch of the following flight sources -would maintain the most constant 
color quality and brilliant form" of illumination? 

a. Household lamps. <=• An electronic flash. 

b. Photofloods. * d. Quartz .iodine lamps/' . 

90. (261) Which of the following characteristics does not apply to the quartz-iodine 
* lamp? ' ~ 4, ; " < • ^ * J 

a. It is cool burning. 

b. It should be handled with gloves. 

c. It creates a regeneration cycle. 

d. It has a high-heat intensity. 

91. (262) "Which of the following materials should be used as a filter for odd-sized* 
lenses? 

a. Gelatin. . c - Tissue. 1 



Plastic. 



d. Optical glass. 



10 



92. 



93. 



(263) , Which of th.e following combinations contains all the photographic 
primary colors? * t " o 



a. *'-&ed, blue, green.. 

b. Red, yellow, green. 



c* Blue, orange, -green ♦ 
d. Yellow, magenta, cyan. 



(283) What effect does" a blue filter have on the color blue in relation to 
other colors when .the photograph is printed insblack and white? % \ 



a. It will have no effect., 

b. It will be lighter. 



c. It will be. darker. 

d. It will appear to be black. 



(26*0 When using a filter with a 'factor of 8 and a basic exposure of f/22 at 
1/125, the correct f stop should be? 



16. 
11. 



c. 
d. 



a. 

5.6. 



95. (264) If your basic exposure is f/8 at 1/2^0, what should the shutter speed 
setting pe when using a filter with a factor of hi 



a.. 1/3C. 



c. 1/125. 
.<U ,4/250. 



96. (265) What correction filter should be used, to achieve an\orthochrOmatic 
rendition outdoors when using panchromatic film? 



a. Medium yellow. 1 

b. Light blue. 



c . Orange i 

d. Red. 





(266) What contrast filter should be .used in photographing a red flower against 
green leaves when -the flower is to appear dark in the print? 



a. Red. 
'b . Blue . 



c. Green. 

;d.- Yellow. 



"TO. 



t2*6T) "TOaf^lType "or fiTTer should oeused^to provTde^a" correct" exposure" IF 
the intensity of light is so great that overexposure will result? 



a. Contrast. 

b. Polarising.. 



c. Correction., 

d. Neutral density. 



99. 



(268) To darken a blue sky with a polarizing filter, tjie filter should be 
Dositioned 



a. . toward the sun. 

b, 90° from the sun. 



c. 130°, from r ,the sun. 

d. 360° from the sun 



100. (269) Which of the following filter /film combinations would/best penetrate a 



a. An infrared film and a * red 'filter.' 

b. An orthochromatic film $nd an orange filter. 

c. «A red filter and a panchromatic film. 

d. A panchromatic film and a yellow filter. 
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Preface 

THETH1RD" volume orQDC!Jf32r^PP^^ $[tll~Ph®tlrgr^ is 
designed to help you qualify for the duties of a still photographer. Volume 3 contains 
information on film and print processing, printing, film^nd print finishing, and the 
storage and preservation of black-and-white sensitizer materials. 

Chapter 1 covers chemistry (or black-and-white materials. This coverage includes 
the proper Use of formulas, the-chemical parts of the bafcic photographic solutions, 
chemicaL mathematics, chemical mixing units, and mixing procedures. 

Chapter 2 presents procedures for the manual processing of blaclcrand-white 
sensitized film emulsions and the type of equipmeht that may be encountered. 

Chapter 3 deals-with black-and-white film finishing* Here we cover washing, drying, 
etching, spotting, and opaquing. In addition to describing the procedures used to apply 
these finishing techniques, we also explain the need for archival quality and the 
handling and storage of processed negative materials. 

\> 

In Chapter 4 we discuss the emulsion characteristics of black-and-white sensitized 
print tteateri^Js and the various* methods ^deprocedure* -required fcrahe proper 
storage and preservation of these materials. r 

Chapter 5 covers the basic points of photographic printing. We discuss the various 
* methods of printing and the techniques used, in the production of quality prints. In 
addition, we elaborate on the types of printing equipment that may be encountered and 
how they are used. N 

. In Chapter 6 we present information for the processing of black-and-white print 
materials. The discussion deals with solution chemistry, processing controls, and the 
requirements for good darkroom standards. Stabilization processing of print materials 

~is-also~eovered.~~ — — — — - — : — ~ — 

Chapter 7 discusses the finishing of black-and-white print materials. This discussion 
includes such items as mounting, spotting, and toning, as well as the application of 
protective finishes. ' 

Code numbers appearing oil figures are for prepaiing agency identification only. 

If you have questions on the accuracy or currency of the subject matter of .thistcxtf 
or recommendations for its improvement, send them to Tech Tng Cen/TTOX, Lowry 
AFB CO 80230. KOTE: Do.not use the suggestion program.to submit corrections for 
:; typographical/or othererxprs., y ? 

. If you ^^qpestioh^jon course enrollment or administration, or orfan'y of EG's 
instructional aid§( Your Key to Career Development, 'BehavioraLQJbjective Exercises, 
Volume Review Execoise, and Course Examination), consult your education officer, 
training officer,'or ttCO, as appropriate. If he c&n*t answer your questions, send them 
to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for 
assistance. . * 

This volume is valued at 30 hours (10 points). 

Material in this yojume is technically accurate, adequate, and current as v of 
September 1975. ' 
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CHAPTER 1 



NOTE: lathis vofmne,~(be $ubject>mAtt^ ^4mIop€d. ,by a series of Learning Objectives. Etch of these 
carrie* a 3-$#t number and is in boldface type. Each sets a learninj goal for you. The text that follows the 
obi^xt &*z fw the mfoftoatton you need to reach that foal. The exercises following the information 
five you # freck pn your^^^^erowtv When y<rii -complete them, see if your answers match those in the 



ConventiOfial Chemistry for Black-and- White 



Packard chemicals are your ready-mixe£ types. The 
directions "normally require the thorough raiding of the 
package contents with water. The key to following 
packaged chemical directions is insuring that the right 
quantity of water at the requited temperature is used. 
Inaddition/many packaged chemicals have more than 
one part. JE^ch part must be mixed in proper seqOence. 
Bemuse packaged chemicals wll probably* meet all of 
y&.ur .routine needs for de\e!ol*e£S, stop baths, Fixing 
baths* toness, etc., is important that you get into the 



. - ^pftotogj^plsji^ropess^^tp devsipp filnl and produce 
.-l ^ gnms. f he#rkroom.w c Qii woul&stop if there* was no, 
' sftepustry* ji'may bfc Jiaur, job Ao .inufBj ;. all 
. silemicafc k need*£ for Vpr-odtietio^ajft mixed and 

^I*&m0tpfa ^ht!y r ^n^inprop<:,rj3f jmxed ^>elopii% 
^solution may^cau^"ran v ^atire . ^ssion ifr. be lost, 

: . 0 -./<tVe^ 

' N, "\«n^6m^ t 1WxiQfe checking, ^ *naty?ipg thr 



c *care --.wnen.: .mixings coccfciog, , : yt wiw „. *v«ww 4 

I, - > , . " " " pnpj^ag&^lutions ^<fin your .toorafor^ , , -^ v . h^bit of.carefully readinglthe directions for preparing 

*v p^^aon^b^ . bulk chrinicals requires following a formula 

r Vs. * >- - - _ > that tells : you tt fe varib ti s chemic al ingredie nts that 



-v • Vlv./pBc^ng^ihV Mimuftttortf s Instr.twsS&ft roust be d&srfiyeja into wajer. 1^51^ most packaged 
v V >iiShe$t^ndf|[^pio^ng Chimtd* Fowiulat . che^cfjs, the^ use of**u|k ch^riicals calk for vet%„ 
v .^ - S'v .V;- . • vv; V /\ . ' ; precise, measurement of *eaclt ingredient. Thferequi 



/ /^-ltmr^ion^^pon^^ 

; «fa^a1s r ;, whe^' by readm|; these - Jt fs a goodidea to keep a file of the various direction 

; :f ; i|^^^'|H?ed ; foiling t^m v the^ coul<J obtain: 5fa ^ s ^ h e g Ie pravu j es , a quick reference for 

:, :^'sJfS^^P^^ f ^ A, * 7 '.' opting the apj^opriatetihemipai forthe job and is a 

*. : -r? f >; - ' » - ; : -r^ ■ ^ f ^ / B 0 <«l t^cki>p to hW in case of loss ofthe originatd^ia 

;J^»;Sttr;fy ttXfr important jfo^lio^ $ ^ altefgatiw source of informatiort is the* 

i ra¥^*«tijr^^ ,: airect^ns .^Wir ^eparing Lab Index published by Morgan and Morgan;' 



m*ftiu|*etirer5 ? , : i 

Jx.J < • y : Irt^fvthis ;j^])i|ratip&\ bomaibT a ^ealth%f 

r ^Sefor?^u^ n&»fe*a»W&fbr^^o^ * - 

$hould/§3?efyUy ^ ^adHbe man#aj^urtfi dUec^e^. i; v ^.f; 

^' V'- >^Mucfc^o^wtR^mo m proiiMo^of thech;emical g«r^;{4Q(>): 




^- ------- ■- ' - j ' ; -- - - li^MM^i^ifcli ~..-.^_.r±-*. \ - .« ^ .. . .^^...^J^ 



3- For bulk cliemicals, 

measuring each _ j»w»wj 

dissolving them in a specified amount of 



you must follow a formula, 
. precisely and usually 



10-percent solution of sodium sulfite v^ould require 
dissolving 10 grams of sodium sulfite per 100 cc of 
wafer. *V 
Parts solutions. To prepare a par^s solution, you 



4. A file of various direction sheets serves as both a 
and.a — - 



401. Apply principles of chemical mathematics to 
solve rilixinfr problems. 

The key to employing a photpgraphic chemical 
formula is the ability to follow formula directions. This 
requires knowledge of chemical mathematics and 
measuring procedures." 

The following is a 'typical Kodak Formula, 
presented uJ^how you the basic format: 

KodaV Doetoper D I? t Tropical Process Dfceloper for Films*. 



W^a^SqrST 6 2{ ounces "50.0 ml 1 

[ion . w\ - - - - $ grainy * 5 0 grams, 

d-i^icd>w/ - ... I* ounces 5Z5l»fiif 

Koda* H^toqumon? ........ 145 3™ n > * r0 0 P n 

Kodak Sodium Carironaie 

t monoh>dra:edr 2-o««» &ao grams 

potassium iodide *. . - \ 30 ^rain> 2.0 grams 

• odait Sodium Sulfate. \ 4 cA 0 „ mt 

^*iccaicd Jta ounces ^srams 

~ ~Add\coTd"^TeTTO"ma3ce . ; r. ^~/^2^junc^ MVwer 



piSsoHe chemicals in the, order given 

I se mahout dilution Develop frlo 7 rmnutes at 85 e r (29' C) or 
lor proporuojlaiery longer times at. lower temperatures Rmse 
thoroughjv for 30 seconds and immerse for 3 minutes irf5^ formahn 
solution 3^cTbrmaWeh>de.diluted: I pan formaldehyde to 19 pans 
uaten Then wash for i minute, fix 5 10 10 minutes in an acid 
hardening. fixing baihtKodak Fixing Bath F-5). and wash for 15 to 
20 v minu<cs> 

- 4 ' * \ " 

"Note (he importance of having a warm -water 
temperature for mixing. Warn* water helps in 
dissolving the different chemicals. Following the 
mixing of the chemicals, it is important to cool the 
. solution down to the processing temperature. 

Chemical Mathematics. Solutions -are prepared in 
terfns of strenght. The strength of a photographic" 
r soiutidn is identified in^two different ways; percentage 
or pans. You need to know how *o mix either type. 

Percentage solution*. There i|ee\ several cormndrr 
methods of making tip a percentage-solution. The one 
used ifi photography Ts to measurrout the appropriate 
chemical in a parts-per-hundred ratio* ■ForcjCample, a 



In ust mixTuhit of chemical wuEja specified numbcrjoF~ 
uattg^tf water. Th|Se units can be ^f any weight frofti 
grams to pounds', provided that- you measure all 
quantities in the same unit of weight or volume. For 
example, tc mix a l:2soIuuorujL^^ . 
would mix 1 unit of stock Erfo solution with 2 units of 
water. The results are comet as loftg as identical units 
of measurement are used foreach partoftheformqja 
(e.g., 16 ounces^ of stock>olution with 32 ounces of 
water). 

NOTE: The term, "stock solution" identifies a 
concentrated chemical solution. A "working solution** 
is the solution used for processing. The working 
solution may be the same as the stock solution but 
more likely is a diluted stock solution, as given in the 
D-76 example. 

Conversions. You may find it necessary sometimes 
to convert a parts solution to a percentage solution. 
Here is how you would proceed. In our example above, 
the D-76 developer consisted of 1 pan of stock 

^solution and 2 parts of water, making a total of 3 equal 
parts. To convert this ratio into a percentage, divide 
{00 by 3. The result is 33.3 percent. To say it another 
^ way. a solution of I to 2 is equivalent to a 33.3-percent 

^solution. 

ten the chemicals that you receive from your 
suppfc^ section arc indicated by one type of 
rr.c^uremem. To follow the directions^ a particular 

Zy^nala. yau-mayJ^^Qjconvcrt t o anQlher^ysienk, 

tioie 1-1 shows the factors that you can use to make 
the-conversions. For example, let's say that you receive 
a supply of sodium sulfite with the weight indicated as 
5 pounds. However, your formula for a fixing bath 
calls for the addition of 2400 grams of sodium sulfite. 
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You will want to knowif the 5 pounds oi sodium sulhte 
is enough to meet >our requirements. Using table 1-1 . 
vou would multiplv the-number of grams in a pound. 
453.593. b*-^ Having done this, you can*see that 5 
pounds ts equal to 2,267 965 grams. Therefore, you 
know that the 5 pounds of sodium solfite is not enough 
and that vou must obtain an additional 133 035 grams 
Temperature conversions are another important 
consideration. If vou need to convert Fahrenheit into 
Centrigrade. subtract 32 from the degrees Fahrenheit, 
multiplv the difference by 5. and divide the product by 
9 For example ^ 



,ioo - - 9 = * 

x x « 

x 5 - 9 = r mm 
v = r s 3 c 

On ihe other hand., if >ou desire to convert 
Centigrade into Fahrenheit, multiply the Centigrade 
edeerees by 9. divide b> 5. and add 32 to the result- 
Here is an example of what we mean 



ioo s C = £ F 

100 x 9 -*5 - 32 = x 

900 - 5 * 32 = \ 

\m : - 32 = ::: 

x - 212= F 



Exercises (401): 

I How should you mix 100 cc of a 25-percent solution 
of hydroquinone 1 



2 Ho* should vou make a 1.3 working solution of 
D "2° 



3 b$- F is equal to how many degrees Centigrade 0 



4 50° C is equal to how manv degrees Fahtenheit 0 



5 A 1 4 solution of D- 19 is equal to what percentage 
of D-19 0 



402, State principles, procedures, and facts related to 
chepiical measuring. 

Mixing Accuracy. Photographic quality control 
suffers if the chemicals are mixed in improper 
amounts. You must be certain that the amount of 
chemical- you put into a solution is the amount 
specified in the formula. Therefore. >ou must use 
accurate measunng devices such as chemical weighing 
balances and graduates. *S 
. Chemical weighing balances. There are two general 
types of chemical weighing balances in use throughout 
the Air Force: the metric and the avojrdupois. The 
metric balance is used to measure milligrams, grams, 
or kilograms, whereas the avoirdupois balance is us^ 
to measure grains, ounces, and pounds. When you ale 
weighing chemicals for mixing, the tv pe of balance to 
use depends on the unit of weight measurement called 
for in the formula. If .lor example, the formula asks fo* , 
a specific number of grams, vou should use a metric 
balance. If. on the other hand, the formi/a calls for a . 
specific number of *gra |ns . you should use the 
avoirdupois balance. 

•\s important as choosing the correct type of balance 
for yoSrchemical weighing is using a balance oHhe 
correct capacitv for the job For example, one typical 
developer formula maj call for 5.0 grams of potassium 
bromide per liter, of solution. If you use a large- 
captcitv balance capable of'measunng hundreds of 
grams with an accuracv of *I.O gram, the amount of 
chemical weighed out for the solution could be as little 
as 4.0 grams or as much as 6.0 grams. Such variation 
from the exact, desired amount of chemical can 
radically alter the characteristics of the developer and 
would, at the very least, seriously affect the batch-to- 
batch uniformity. When choosing a balance for 
chemical measurement, always applv the rule that the 
smaller the quantitv to be weighed, the greater must be 
♦the accuracv of the itelance. Small' quantities of 
chtffoicais -500 grams orSss (or 1 pound or less}— are 
best weighed on a balance that is accurate to 0.1 gram 
(or I gram) Weigh large quantiues on larger-capacitv 
balances having a proportionate degree of accuracy. 

Figure 1-1 illustrates a typical chemical weighing 
balance. This is a balance used for weighing quantities 
of chemicals from 0. 1 gFara to 2 10 grams ( I 54 grains to 
0 46 pound). This balance has a maximum capacityup 
to 2 kilograms when supplementary weights are used. 
s^Jhere are larger balances, which allow you to weigh 
chemicals in much larger quantities, but we shall use 
the balance in figure 1-1 to illustrate the principles that 
apply to nearly anv type of balance. 

The balance shown in figure 1-1 is essenviallv a lever 
wuh equal arms on either side of the beam bearing (or 
fulcrum) Weight is added to the right arm of the beam 
in known quantities The chemical to be weighed is 
then added to the left arm until the weights balance. 

Some balances. *uch as the one shown in figure 1-1. 
have sliding weights mounted upon a calibrated scale 
on the beam Moving-the sliding weights from left to 
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right increases the weight on the right end of the beam. 
Study figure 1-1 and notice that the upper sliding 
weight can be positioned from 0.0 gram to 10 grams in 
increments of 0.1 gram. The lower sliding weight can 
be positioned from 0.0 gram to 200 grams in 
increments of 10 ^rams. W hen using a combination of 
the two sliding weights, you have a range of 0.0 gram to 
2L0 grams in increments of 0.1 gram. 

Many balances do not have calibrated sliding 
weights but are supplied with individual weights of 
varying sizes. These could range from 1 gram to 10 
pounds, etc., depending on the particular balance. 

The heart of the beam balance is the bearing surface 
that supports the beam. Since friction at this point 
must be held to an absolute minimum in order to give 
>ou accurate measurements, this bearing arrangement 
is critical and delicate and will not stand any abuse. 
You must give t/fe chemical balance the same care as 
that given to any e.xtremelv v debcate precision 
instrument 

Pans arc used on the balance arms to hold the 
material that is being weighed. The pans are also used 
to notd the weights when separate weights are used for 
making the measurement. 

A balance indicator on the beam balance shows 
when the material that is being weighed and the 
calibrated, counter-balancing weights are equal. In the 
balance shown in figure 1-1 the indicator consists of a 
scale and pointer. You mav find in ottfcr balances'that 
the indicator is composed of two extensions over the 



center of the beam which are part of the pan supports 
A state of equilibrium is indicated on this type of 
balance when these two extensions are alfgned 

The beam balance is equipped with a balance 
adjustmeKSfcr trimming device. This adjustment, 
consisting o^novable weights* can be positioned and 
lockeduo compensate for minor inequalities in the 
weights of the two ends of the beam that could, if not 
corrected, give you erroneous readings. 

Since you must use scale balances for chemical 
mixing, let's discuss their operation. to figure 1-1 
as you follow the explanation. ^ ^ 

When you want to weigh a specified *attTffunt of 
material to fulfill the fteeds of a formula, operate the 
scales in the following manner; ^ * 

ll) Set the sliding weights to that thev mdicate the 
correct weight as specified in the formula If you are 
using a balance with separate weights, place them in 
the right-hand pan. Doublecheck your settings. 

(2) Slowlv add the chemical being weighed to the 
pan on the left. Make it standard practice to use paper 
on the balance pans. Paper protects the balance pan 
and also minimizes contamination of the chemicals 
that are being weighed. Use an equal-size sheet of 
paper on- both 'pans so that the overall trim of the 
beam is not altered appreciably. If an imbalance 
occurs, the balance adjustment can be used to 
compensate for it. 




(3) Add the chemical until the balance indicator 
shows tht the weight of the chemical is the same as the 
scale weights. {If the chemical is in a large container, 
use a ladle or spoon for transferring the chemical to 
the l)a}ance in order to prevent' excess chemical from 
spilltnf onto the pan.) 

(4) Remove the weighed chemical from the left pan 
b> picking up the paper and then pouring the contents 
4 into the solution you are mixing. After adding the 
chemical to the solution, carefully discard the paper in 
such a manner that any finely powdered chemicals do 
not become airborne. 

(5) Put a fresh sheet of paper on the left pan before 
weighing the next chemical Be sure to retnm the 
balance each time you change the paper in order to 
avoid introducing an error into the weight of the next 
chemical that is weighed. 

U \ou ha%e a quantity of chemical and wish to find 
out us weight, then use the following procedure. 

i Place the chemical to be weighed in a fresh 
paper on the left pan. makidg sure that the balance 
has been trimmed for the fresh sheet of paper 

(2) Starting with the sliding weights on their "0" 
setmigs. slowly increase the weight until the balance 
indicator shows a state of equilibrium. If you are 
using a balance that uses separate weights, add the 
weights to the right-hand pan. 

tl) Determine the weighrof the material by adding 
up all of the weight that has been added to the nght 
end of the beam (i e.. by adding the values^of the 



sliding weights and any separate weights in the right- 
hand pan). 

Regardless of the type oLbalance that you use in 
weighing your chemicals, there are certain 
precautions you should always observe. Avoid 
handling the small weights with your fingers, since 
perspiration and oil on your hands could change the 
true weight of the smaller weights and cause 
inaccurate measurements. Perspiration may also 
eventually cause corrosion of the weights and make 
them heavier than they should be. Handle all small 
weights with a pair of tweezers. Always weigh the 
chemicals in the order that they are given in the 
solution formula. By following the established order, 
you are less likely to omit any of :he ingredients. 
'Furthermore, some chemicals will precipitate if mixed 
in the wrong order 

Photographic graduates. Besides using balances for 
measuirng dry photographic chemicals, you will also 
use photographic graduates for measuring liquids. 
You would, e.g.. use the graduate for measuring the 
amount of sulfuric acid to put into a bleach solution. 

Graduates are made in \arying sizes, calibration, 
and construction material. Figure 1-2 illustrates two 
common types of glass graduates. Although most of 
the graduates you will use are calibrated in the U S. 
liquid measurement system (drams, ounces, quarts, 
and gallons); it is noruncommon to find a graduate 
calibrated in the metric liquid measurement system 
(liters). 





Figure 1-2 Photographic graduates 



Glass is most commonly used for making^aduates 
because it is inert to most chemicals, transparent, and 
reasonably durable. Graduates are also made from 
other materials, such is plastics. When using 
graduates of plastic, be sure that you do not try to 
measure strong acids such as sulfuric acid, which 
could cause severe damage. You should also make 
sure that the material of the graduates you use does 
not react with an v of your photographic chemicals. 

To use the graduate, slowly pour into it the liquid 
to be measured. Stop pouring when the upper surface 
of the liquid reaches the calibration mark indicating 
the desired amount. Major divisions are indicated by 
numerals on the glass. Subdivisions are indicated by 
calibration lines only. You must compute the value of 
the individual subdivisions For example, the marked 
lines may read in series of 10. If there is only one 
calibration tine between each graduation of 10. then 
the calibration line would be for a value of 5. 

Exercises (402): 

I The beam balances you are likely to use will 
probabh be calibrated for what two weighing 
s\stems° 



2 In terms ol accuracy, what is the rule for choosing 
a balance 0 



3 Complete the following statements on the 
operation of a beam balance. 

a A beam balance uses either — or 

weights 

b should be placed in each pan to prevent 

contamination, 
c Inequalities between the two ends of a beam is 

corrected by using the device. 

d Chemicals to be weighed are placed in the 

pan. 

e When individual weights are used, they are 
placed in the pan. 

4 What should be your mam concern when you are 
considering the use of graduates made of different 
materials? 



5. if there are four calibration marks between the 0 
and 10 marks on a graduate, each calibration mark 
would stand for how much of an increase? 



1-2- Using Packaged Chemicals 

The majority of your chemical needs are going to be 
met through the use of packaged chemicals. You 
should, therefore, becom^yery familiar with their use. 

403. State facts and procedures related to the use of 
packaged chemicals. * 

In the production of packaged chemicals the 
manufacturer has mixed in all the ingredients. 
Normally, you need only add the package contents to 
water There are two basic categories of packaged 
chemicals' formula and proprietary The formula 
type, like D-72, contains the same ingredients as 
found in published formulas. The formulas for 
proprietary developers, such as Kodak's Dektol, are 
not published. Packaged chemicals are easy to store, 
handle, and mix. They provide consistent quality. 

Packaged chemicals are available to cover all your 
photographic needs. You can order preparatiopsW 
de\elopers, stop baths, and fixing baths, as^well as 
toners, reducers, intensifies, and the like. There are a 
number of different photo chemical manufacturers, 
and you will have a wide selection within the context 
of the Federal supply system. Always keep in mind 
that you should choose chemicals that are compatible 
with the films and papers frhat you are using. 

The preparation bf /packaged chemicals requires 
mamiy that you follow the directions carefully. 
Premixed chemicals m^y^be tn powder or liquid form. 
There may be several parts in the package that must 
be mixed in a certain manner. Typically, the contents 
of the package are to be mixed with a specific quantity 
of water. The water must be at the prescribed 
temperature. The majority of packaged chemicals are 
mixed in warm water, but read the instructions to 
make sure. (Remember that the temperature for 
mixing may not be the same as the processing 
temperature, so you may have Co wait for the solution 
to cool to. the correct temperature for use.) When 
there is more than one part, make sure that the parts 
are added tn the correct order. Do not be in such a 
rush that you fail to follow directions. 

Remember to follow thcjDr,oper procedures for 
chemical safety You shouldj/epare the chemicals in 
a well-lighted and ventilated room Do not taste or 
inhale any chemical. You should wear rubber gloves, 
apron, and mask for your personal protection. 
Remember, for safe mixing and quality results, follow 
directions. 

Exercises (403): 

I. What are the two types of packaged chemicals? 
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Stale four 
chemicals. 



advantages offered b> packaged 



3. What is the most important rule to keep in mind to 
insure consistent results when using packaged 
chemicals? 



4 In what type of environment should package 
chemicals be prepared? 



1*3. Using Bulk Chemicals 

An alternative to packaged chemicals is preparing 
>our solutions by using available formulas (found in 
the Photo Lab Index, etc.) and bulk (i.e., raw) 
chemicals. In this section, we shall briefly cover the 
use of bulk chemicals. 

^404. Explain the reasons for using bulk chemicals 
and state nomenclature and procedures related to the 
use of bulk chemicals. 

Mixing solutions by referring to published 
formulas (in the Photo Lab Index, etc.) and using 
bulK chemicals can be advantageous. You can prepare 
solutions you rarely use (e.g.. toners) or those which 
are not available in premixed form. When you have 
bulk chemicals on hand, you may be able to meet 
special mission requirements. 

Chemical Grades. It is important when using bulk 
chemicals that you are aware of the standards of 
chemical quality. The United States of America 
National Standards Institute (USANSI) publishes a 
series of standards covering all of the chemicals used 
in photographic processes. These USANSI standards 
contain specifications that establish the degree of 
purity and state limiting concentrations for 
potentially harmful impurities that may be present. 
You can prevent faulty processing caused by the use 
of chemicals of inferior quality by using only a grade 
of chemical that meets or exceeds these USANSI 
standards. 

Chemicals such as sodium sulfite, sodium 
carbonate, hydroqutnone. Metol, etc., which are used 
in large quantifies by the photographic industry, are 
designated as "Photo Grade" by most suppliers of 
chemicals. This designation means that the chemical 
so rated meets the USANSI specifications for 
photographic grade chemicals. "Photo Grade** or a 
similar designation is not, however, one of the 
standard designations of chemical purity commonly 
used by - chemical manufacturers. The quality 
designations most often used are given below with a 
Nariefjiefinition of each. 



• Primary Standard: A specially manufactured and 
tested analytical reagent of exceptional purity. JUseb 
exclusively for standardizing laboratory volumetric 
solutions and preparing reference standards. 

• ACS or Reagent Grade: A chemical that fully 
meets the requirement of the American Chemical 
Society for , Reagent Grade , chemicals. Used in 
analytical laboratories for testing and evaluating 
other chemical preparations. 

• C. P.: Chemically pure grade, generally exceeding 
U.S.P or N.F. requirements, but slightly lower 
quality than Reagent Grade. 

• U.S. P.: A grade meeting the requirements of the 
United States Pharmacopoeia (i.e., medicine). 

• N.F.: A grade meeting the requirements of the 
most recent, or designated, issue of the National 
Formulary. (U.S.P. and N.F. Grade chemicals are 
primarily* for drug use.) 

led: A grade of higher quality than 
often used where there are no official 
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Technica 
standards 
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use. 



ical. A grade suitable for general industrial 




GenefalVv speaking, USANSI photographic grade 
chemicals ar^bswithin the quality range of the U.S.P., 
N.F.. aiKi Purified grades. CP. Grade chemicals are 
always suitable for photographic use but are of a 
higher quaihy (ana cost) than is generally required. 
Reagent GradV^rnd Primary Standard chemicals are 
\ery costly and are much purer than is required for 
photographic purposes. Some Technical Grade 
chemicals are satisfactory for photographic use. Their 
low price and availability make them desirable, but 
for precise photo applications, they should m be 
thoroughly evaluated before use. 

Prior to using chemicals of unknown grade, you 
should obtain the USANSI specifications for the 
particular chemicals in question and perform the 
laboratory tests as given in these specifications. 
Chemicals failing to meet the given purity limits 
should not be used in preparing photographic 
solutions. 

Bulk Chemical Storage and Procedures. Bulk 
chemicals should be kept in appropriate dark (amber, 
etc.) stoppered bottles or jars for proper keeping in a, 
cool, dry place away from sensitized materials. All 
containers should be properly labeled, as many 
chemicals are poisonous. Maximum safety can be 
insured by keeping all the toxic chemicals in a locked 
cabinet to which only authorized personnel have 
access. 

To take advantage of bulk chemicals, you need a 
properly stocked chemical mix section. An accurate 
balance, graduates, thermometer, and stirring rods 
are a few of the basic items that are required. 
Personnel who mix chemicals should be thoroughly 
trained in proper procedures, including reading a 
formula, using mixing equipment, and Observing 
proper chemical safety practices. > 

/ 
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You are perhaps tired of being continually 
reminded about chemical safety, but it must be 
stressed over and over again with the hope that you 
will make a a habit m your w<*fk. Any accident brings 
hardship to eve'ryone in ^sectioa To this end, here 
is another review of basic safety procedures that are 
particularly applicable when you are using bulk 
chemicals. 

• Never smell a chemical directly from the bottle, 
Instead, hold the bottle at a distance from your nose, 
and sniff its contents cautiously rather than inhale 
directly. 

• Never taste a chemical. 

• Handle all chemicals cautiousl). man> will 
produce burns or skin irritation. 

• When mixng a strong acid with water, add the 
acid slowh to the water while stirring continuously, 
otherwise, the solution, mav boil violently and splatter 
on vour hands and lace, causing serious burns. 
Remember Sever pour water into acid. 

• Be sure that the chemical mixing room or area in 
which vou are going to mix chemicals is well- 
ventilated The fumes or dust from some chemicals 
can be very irritatihg to vour nose and eyes, as well as 
harmful ta^photographic sensitized materials. 

• In all cases, be sure to see a doctor as soon as 
possible in the Qase of an accident. 

Exercises (404): 

I. What are the advantages of using bulk chemicals? 



What grade. .of chemical is normally used m 



photographic work 0 



3 Under what circumstance can you use Technical 
Grade chemicals for photographic work? 



4. How should bulk chemicals be stored? 



5. What type of facilities do you need in order to use 
bulk chemicals? 



6. How should acid and water be mixed? Why? 



1*4. Chemical Mixing Units 

In the Air Force, we two methods of mixing 
chemicals: (!) hand mixing and (2) machine mining. 



Hand mixing is employed when only small quantities 
of solutions are needed or when machines are tjot 
available. Machine mixing is necessary to handle the , 
large production requirements of most labs. In this 
section we shall point out the operation of the A-l 
mixer, which is typical of the mixing units you will be 
using. 



405. Indicate nomenclature and procedures related to 
the operation of the A-l mixer. 

A-l Mixer-Distributor. The A-l mixer-distributor, 
shown in figure 1-3, is designed for mixing chemical 
solutions and distributing the batch to the point of 
use. While the A-l mixer will mix 50 gallons of 
chemicals at one time, it has the advantage of being 
mounted on coasters, allowing you to mix the 
chemicals in one location and then wheel the mixture 
to another location for distribution. 

The mixer operates by using a series of valves and a 
pump. Two valves, similar in construction, are 
located on the control panel, shown in figure 1-4. 
Opened and closed bv rotating the handles, they 
interconnect the IN hose coupling (valve B) and the 
OUT hose coupling (valve A) when in the closed 
position. If the valves are in the closed position, the 
solution in the mixing tank circulates through the 
pump and back into the mixing tank. 

Prior to operating the mixer T you need to connect 
the hose with the gooseneck to the coupling marked 
**OUT, M located on the extreme leftside of the control 
panel. Next, connect the second hose to the coupling 
marked "IN," on the extreme right side of the control 
panel. The next step is to suspend the calibration 
dipstick from the inside lip of the tank. The dipstick is 
calibrated in gallons for solution measurement. 

Pump purging. Before the pump can operate 
efficiently, air must be purged from the system as 
follows: 

(1) Open valves A and B 1/4. of a turn. 

(2) Pour 3 gallons of \yater/into the tank. 

(3) Position the switch at low speed and allow the > 
mixer-distributor to operate for a long enough period 
to circulate the i'ater through the pump. 

Tank filling. To fill the mixer-distributor tank, 
proceed as follows: 

(1) Purge air from the pump. 

(2) Submerge the inlet accessory hose into the 
solution supply tank. 

(3) Open valve A and close valve B. * 

(4) Turn the power switch to high. 

Mixing solution. To mix your chemicals, fill th* 
mixer with the required amount of water at the 
appropriate temperature and then open valves A and* 
B. Turn the power switch to high. The water will be 
drawn through an outlet in the bottom of the mixing 
tank, circulated through the pump, and then pumped 
back into the mixing tank. 
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STAINLESS-STEEL TANK 



STAINLESS-STEEL 
FRAME 



BOLT 



CASTER 



FLUSH HANDLES 



BOLT 



BOLT 




CONTROL PANEL 
(ACCESS DOOR) 



CASTER 



CASTER 



— ACCESSORY 
STORAGE 



TIE-DOWN 
STRAPS 



CASTER 



BOLT 



231-450 



Rgurc I -3 \-l mixer dismlj^to^ 



Once you arc sure that the water is circulating (this 
is indicated by motion of the water), add the 
Chemicals in the order specified in the formula or 
mixing instructions. Be sure to break up any large 
lumps of chemicals into small pieces in order to insure 
mixing. When pouring the chemicals, hold the 
chemical container close to the surface of the water. 
This technique cuts down on dust and prevents 
splashing. 

During mixing, you" may find it necessary to 
dislodge undissolved solids on the bottom of the tank. 
To do this, stir the solution with a long stirring rod or 
chemical mixing paddle. THe^bccasional stirring 
Insures that all chemicals are being dissolved into the 
solution. 

After all your chemicals have been dissolved* add 
cold water to bring the solution to its final volume. 



Distributing mixed solution. Distribute the mixed 
solution as folidGs: 

(1) Place the gooseneck on the outlet accessory 
hose over the edge of the working or storage tank to 
be filled. 

(2) Close valve A. 

(3) Open valve B. 

(4) Position the power switch at high speed and 
allow the mixer-distributor to operate until the 
working or storage tank is filled. 

Recirculating mixed solution. To recirculate the 
solution through the mixer-dtstnbutor tanfc arid the 
working or storage tank, proceed'as follows: 

(l) Submerge the inlet accessory hose into the 
working or storage tank containing the solution to be 
recirculated. 



9 

ERLC 



187 



OUTLET CONNECTION 
VALVE A 



inLet connection 




RESET BUTTON 

Figure I 4 Control panel of the A I mixer. 



£+f% y 231*449 
POWER CONNECTION * ^ \ 



(2) Place the gooseneck on the outlet accessory 
hose over the edge of/the same tar* in which the inlet 
hose is submerged. 

(?)" Turn both valve handles to a position halfway 
between full clockwise and full counterclockwise. 

(4) Turn the switch to high speed and allow the 
mixer-distributor to operate until the old solution is 
mixed wah the new. 

Transferring solution. To transfer solution from 
one working or storage tank to arjother, proceed as 
follows' 

(1) Purge air from the pump. 

(2) Submerge the inlet accessory hose into the 
working or storage tank containing the solution to be 
transferred. l 

(3) Place the gooseneck on the outlet accessorv 
hose over the edge of the tank to which the solution is 
to be transferred. 

(4) Close both valves. . 



(5) Position the switch at high speed and allow the 
mixer-distributor to operate until the solution is 
transferred: 1 . 

NOTE: Be sure to check ttii^appropriate operating 
instructions for the mixer that you are using. This 
precautionary' action will insure safe quality 
operation. 

Exercises (405): 

Complete the following statements on the operation 
of the A-l mixer. 

I. You can mix up to gallons in the A-l 

mixer. 

The IN hose coupling is controlled by 



3. Prior to operation, the pump should be purged of 



4. When the A-l mixer is mixing chemicals, its valves 
are 

5. Both valves are in an intermediate, position when 
mixed solution. 
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CHAPTER 2 



Black-and-White Film Processing 



> 



AS AN AIR FORCE photographer, you must realize 
that the composing and exposing of a scene is no 
assurance of a top notch photograph. The quality of 
the finished print is dependent to a great extent on the 
quality of your darkroom work. A perfectly exposed 
negative is useless if it is fogged, scratched, or 
reticulated during processing. It is, therefore, very 
important that you master the very intoortant step of 
film processing. \ 



on Cut-Roll-Pack 



2-1, Basic Information 
Processing 

The correct choice oT the^^ppropriate film 
processing method depends upon»type of film to 
be processed and the type of prbce&ing equipment 
that is available. However, before we get into details 
regarding the different methods,]it is important to get 
a clear overall view of the five basic processing steps 
and the main types of film. 

406, Briefly explain the purpose of .the five basic 
processing steps, 

Basic Pfocessing Steps. The five basic processing 
steps, as shown in figure 2- 1, are development,, 
rinsing, fixing, washing, and drying. It is important to 
consider what takes place in each step of processing. 
If you know the purpose of each step, you can 
understand -different processing methods and can 
identify the causes of processing problems you might 
have. 

Developer. The action of the developing solution is 
10 produce density in those areas of the film that have 
been exposed to light. This involves the reduction of 
the exposed silver halides to black metallic silver. For 
a given amount of development, the more exposure 
the film received, the darker it will appear upon 
processing. It is most important that this step be done 
airrectlv for it is this step that transform* the latent 
image into a useful one. If you develop uSo'iittle, you 
will not retain all the detail you exposed for; if you 
develop too long, you could reduccunexposcd silver, 
thereby causing fog. 

Rinse. Once the 'film has been through the 
development step, it is drained and then placed into 
the rinse. The rinse consists oi fein water. The water 

V * 



rinse lowers the concentration of the developing 
chemicals and considerably reduces the action of the 
developer. A common alternative to the plain water 
rinse is a stop bath, which is a mixture of water and 
acetic acid. The action of the acid neutralizes the 
action of the developer. The purpose of the rinse or 
stop bath is to retard or stop development, preventing 
overdevelopment. 

Fixing. The function of the fixing bath is to make it 
possible to remove the light-sensitive silver 
compounds or exposed silver compounds that have 
not been developed. If these compounds are allowed 
to remain, they will fade when exposed to light. This 
step is, therefore, essential in order to insure a 
permanent image. 

Wash. Film is then washed in fresh water to remove 
all the chemical concentrations that might be 
remaining within the film. If sufficient concentrations 
of chemicals are allowed to remain, they may discolor 
with time. 

Dning. The final siep in processing is to dry the 
film. This action permits the gelatin to harden and 
makes the negative durable enough to be handled 
with little danger of damage during the printing 
process. 

Exercise (406): 

I. Briefly explain the purpose of each of the basic 
processing steps. 



407. Distinguish between the different types of film 
processing procedures. 

As illustrated in figure 2-2. you are likely to 
encounter a number of different types of films to 
process. Except for Polaroid, which has a "built-in" 
processing system, you should be able to hand process 
all of the other kinds. These types can be broken 
down into two broad types: sheet film (individual cut 
pieces of film normally available in sizes like VA x 
3»V', 4 x 5, 5 -x 7, 8 x 10. etc.) and roll film available in 
sues like 35mm, I20, ; 70mm, etc.). Let us now get a 
brief overview on how these types are processed. We 
shall be going into more detail later in this chapter. 
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A DEVELOPER 




1*4 



Figure 2-1. Film processing. 



Sheet (Cut) Film, Sheet films may be processed in 
either tra>s or tanks. Although tray processing is 
satisfactory, it is recommended only for -small 
amounts of film. Normally, tank processing is more 
uniform for large numbers of sheets. With this 
method, each sheet of film is retained in a hanger, 
which is placed into a tank. Regardless of the method 
used, great care in handling is necessary in order to 
prevent scratches and to insure even processing from 
sheet to sheet. 

Pick Film, The development of pack film is 
accomplished in the same manner as that prescribed , 
for sheet film. However, the individual sheets of film 
are quite thin and therefore tricky to handle. 

Roll Film. Roll film is processed by using reels and 
tanks. The film is. wound onto a spiral reel. The reel is 
then placed into a tank for processing. The key to 
getting started is winding the film onto the reel in the 
proper manner. 



Exercises (407): - 

1. What is the most common method of processing 
sheet film? 



2. How is roll film processed? , <~ 



2-2. Sftfellghts 

Now that we are starting to get into darkroom 
operation it is- important taunder§tand the purpose of 
safelights. It may come as a surprise to you that not 
'all darkrooms are "dark." Depending upon the , 
material that is being handled, it may be possible to 
have lights on. These lights ^re called safelights. 



408, Identify principles, procedures, 
nomenclature associated with safelights* 



and 
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POLAROID PACK 



UNPERFORATED ROLL FILM 





i* 5 
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v 



PERFORATED ROLL FILM 



INSTANT LOAD ROLL FILM 



Figure 2-2 Film packaging. 



The function of a safelight is to transmit the 
maximum amount of light that can be used safely 
without damage to . the sensitized materials being 
handled. Since the color sensitivity of different 
photographic materials'varies, the color and intensity 
of the light must vary accordingly to be safe. 
Therefore, a photographic laboratory safelight is a 
combination pf aerated light source a^nd the 
designated r ilter to protect 3 specific sensitized 
material. 

The following list of safelight filters are the ones 
*most commonly used during black-and-white film 
processing (the numbers , are Kodak Wratten 
designations): 

Filter So x Color Use 

1 * Red Blue sensitive films. 

I A Light Red Orthochromatic copy films 

2 Dark Red Orthochromatic tllm. 

3 * Dark Green Panchromatic film. 
7 Light Green Infrared film. 



When using a safelight, keep the following in mind: 

» * ~* 

• Install only the size of incandescent bulb, 
specified by the manufacturer. If you use too large a 
bulb, the heat may damage the safelight filter or bje 
too bright to be safe. 

• Make sure that the safelight is properly grounded 
and that any wiring is kept far away from the 
processing solutions. » 

• It is important that the proper distance be 
established between the safelight and the processing 
area. Consult the manufacturer's instructions for 
proper placement. 

• The film must be handled under the safelight in 
the correct manner. (For example, for processing 
panchromatic film; the use of the green safelight may 
be limited to intermittent use or to use only after 

' several minutes of processing in total darkness. As 
always, follow directions in order to insure" quality 
results.) 
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It is a good idea to perform periodic safelight tests 
to make sure that your materials are not fogged. The 
test can be performed in the following manner 

(1) Place a sheet of unexposed film on a working 
surface in the processing area. 

(2) Place one or more small opaque objects (e.g., 
coins) on the emulsion and, with the safelights on, 
leave the film for twice the time that it would 
normally be handled. 

(3) Process normally and check to see whether 
there is less density in the areas covered by the opaque 
objects Less density would indicate fogging of the 
film by the safelight. 

A safelight that causes fogging can be corrected by 
replacing the filter, installing a lower-rated bulb, or 
increasing the distance between the safelight and the 
'material. 

Exercises (408): 

1 What is the purpose of a safebght? 



2 Match the appropriate safelight filter number in 
column A with the appropriate film in Column B. 



.a \ 



Column B 

(1) Orthochromitic film 

(2) Infrared film. 

(3) Blue senMti\e film 

(4) Panchromatic film 



3. Whv is it important not to use too bright a bulb 
1 with a safelight? 



2-3. Using Trays . 

Sheet film, pack film, and, in, fare cases, roll film 
can be processed by using trays. THl flyj^ method is 

grticularly convenient for processing a* few sheets of 
m having the samesize. In all cases, tray processing 
requires the most direct handling of the film, thereby 
requiring the greatest .care to prevent scratches and 
insure uniformity. Ii\ this section we shall discuss the 
procedures for tray processing. " 

409, Explain procedures involved in processing sheet 
film .by the tray method. 

Darkroom -Requirements. Every laboratory should 
have a standard rule of having a place for every thing 
and keeping everything, in its designated place. This is 
important bofh for finding equipment in total 
xfarkness and for- moving about safely within the 
laboratory. \ . , ' 



Sinks should be large enough to handle the trays 
that are used for processing. If sinks are properly 
designed, they willHrain completely when the,stopper 
is removed. A wooden duckboard grating is helpful 
for Iceeping the trays off the bottom of the sink. It will 
do much to prevent damage to both the sink and the 
trays. 

, Aprons (preferably waterproof) should be worn to 
protect clothing, and when soiled, should be given a 
thorough cleaning. Chemically clean towels are 
necessar} for wiping the hands. It should be standard 
practice to have a towel handy when you process 
materials. 

You should start with spotlessly clean trays to 
prevent contamination by corroded processing 
chemicals. Trays are usually available in sizes running 
from 8x10 through 20 x 24. Trays with a raised X on 
the bottom surface are ideal fpr the developer 
solution, as the film has its greatest tendency to stick 
to the bottom of the tray in the developing solution. 
Normally, the trays are arranged from left to right in 
the following order: presoak, developer, stop bath, 
fixing bath, and wash. If only one or two sheets of 
film are to be processed, the presoak may be omitted. 

The travs should be filled with the appropraite 
chemicals or \vater. It is very important that all 
solutions be properly mixed and at the correct 
processing temperature. The trays should be^ full 
enough to insure complete immersion and ease>-of 
dling. Forthe wash tray, it is a good idea to have a 
continuous flow of water available. 

When the solutions are ready, place a dry, dust-free 
paper or cardboard on the workbench near the 
presoak. Place the film holders to be unloaded near 
this clean working space. Set the timer for the correct 
developing time, and place it in a convenient location 
on the workbench or table near the processing 
solution. Then turn out all but recommended 
safelights. t °. ' 

Developing Sheet Film. Remove one sheet of film 
frojri its holder and place it emulsion down on the 
paper or cardtfoard 4 Continue this process until all the 
sheets to be developed hpve been placed in a loose pile 
on the space provided for them. However, as stated 
earlier, do not attenjpt to develop more than a few 
sheets at a time. 

Submerge the films one at a time into the presoak, 
which should have the same temperature as the other 
processing solutions. NOTE: Presoafcing the film' in 
water grevenfs the sheets from sticking together in the 
developer. If sticking .occurs, it causes streaks and 
Uneven development. Prekoaking ' also- helps the 
developer to ' diffuse evenly into the^ emulsion, 
However, it does : cause a. slight increase fn the tune 
reqired for normal development because complete 
saturation of the emulsipn by the developer is 
delayed. Compensation for this increase Jn time 
should" be made when determining the developing 
time.) To submerge the films, pick up the iheet on top 
of the pile with the left hand (keep the left hand 'dry 




until all films have been placed in the water), drop it 
emulsion side down into the water, and immerse it 
quickly with the nghj, hand. Pick the film up 
immediately, turn it over (emulsion up), and push it 
bade under the solution. Shde the wet film io one end 
oT the tray. Immerse the next film in the same manner. 
Stack it on top of the first film, and continue with this 
procedure until all the films are stacked in a pile at 
one end of the tra>. The left hand should follow the- 
last film into the tray to assist in the agitation of the 
film'. 

CAUTION Wet film ma> be handled with' wet 
fingers Howe\er. take care to keep wet fingers off dry 
films 

Start the timer. I sing the left hand, transfer each 
sheet emulsion up from the presoak into the 
developer Shde the film uncTer the surface of the 
solution quickly, and agitate n to eliminate any 
possible air bells Note thai it is important to keep 
track of each sheet by counting as you go through 
each step This insures that the first sheet into a 
solution is the first one out 

The films are immersed emulsion side up in the 
developer to minimize the possibility of damage, 
which might occur if the emulsion, already softened 
by presoaking. is allowed to come in contact with the 
bottom of the tray This also'minimizes the chance of 
air being trapped and causing uneven development It 
is important not to dig or drag the corner or edge of 
an> subsequent films into the emulsion surface of the 
film below it. Do not allow the fingernails to dig the 
emulsion at any time Stacking the films by aligning 
their edges against the sides of the tray helps prevent 
scratches and abrasions. Continuously agitate the film 
during the entire processing time by rotating each 
sheet from bottom to top 

About 10 seconds prior to the completion of the 
processing time, remove the first sheet, drain it. and 
submerge it into the stop bath (or rinse). Continue 
this process until all of the sheets of film have been 
transferred. 

After all of the sheets of film have been rotated 
several times in the stop bath, they should be 
transferred individually to the fixing bath ("Hypo"). 
After agitating the sheets of film for several minutes in 
the fixing bath, you can turn on the white lights 
Agnation at this point should continue on an 
intermittent basis until the total fixing time is up 
(5-10 minutes) 

NOTE. It is necessary to rotate or agitate the film 
properly in both the stop bath and the fixing bath, 
because gases are released in these solutions due to the 
chemical reaction between the acid of these baths and 
the alkaline content of the developer. These gases can 
form gas bells on the film surface. Such bells can 
cause dark spot* because of the continued action of 
the developer beneath them. 

After fixing, is completed, transfer the negatives .to 
the wa$h water. Agitation should be continjued unless 
a regular film washing tank or tray is available. The 



negatives may be placed in the regular film hangers 
for washing in tasks when tray washing is not 
accomplished. Washing the film in running water 
should be continuous for a period of 10 to ?0 minutes. 
Most film manufacturers recommend that film be 
washed for at least 20 minutes. However, this time is 
only approximate, since the amount of film and the 
rate of flow of the water determine the actual amount 
of time needed to wash the film sufficiently to insure 
adequate permanency. 

NOTE: One key factor in tray washing is the 
complete change of the water If the trays you use do 
not ha\e a drainage system, it is important to hand 
change the water This is necessary because chemicals 
tend to settle to the bottom of the tray because they 
are heavier than water 

Exercises (409): 

1 Why is U important to ha\e an orderly darkroom 
arrangement 0 



2 Why is *t important to use clean trays 0 



3 W hy :s film presoaked prior to processing 0 



4 Why should you count the film as you go through 
each processing procedure? 



5 Why must gas bells be prevented 0 



6 Why is it important to insure complete changes of 
wash water? 



410. Explain procedures related to the tray 
processing of pack and roll film. 

Processing Pack Film. A film pack is a metal 
container holding 16 sheets of cut film. Each sheet has 
one end glued to a sheet of black paper The pack has 
a sheet tab attached to each sheet .of paper, which 
permits the photographer to position each sheet into 
shooting position by pulling the tab Once all the 
sheets have been exposed, the filrn is processed by 
using the same procedures as for regular sheet film, 
with these additional points to keep in mind. 
, • You need toj)ractice the removal of film from the 
pack. This procedure requires the removal of a metal 
locking cover, which holds the two metal frames 
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together. Once the top frame is separated, the stack of 
film may be taken out. 

• You must carefully separate each sheet from us 
paper. This takes a little practice, as a beginner often 
has difficulty identifying which is fpper and which is 
film. * \' 

• Pack film needs to be presoaked. PresDaking the 
film makes it easier to handle and will help in the 
removal of any remaining paper. It is, however, quite 
important to agitate pack film in the presoak to 
prevent it from sticking together. 

• Throughout all procedures, it is important to 
exercise extreme care because pack film is very thin. It 
becomes slippery to handle and can be easily 
scratched. Also be very careful in counting each sheet, 
because it is surprisingly easy to leave one behind as 
you go from one tray to the next. 

Developing Roll Film. Roll film can be processed 
by the tray method, using the same number of trays 
and solutions as used for cut films. The only 
difference tn the procedure is the handling of the film. 

You start by preparing the darkroom for tray 
processing, with the addition of two film clips. In total 
darkness with 120 roll film, unroll the paper backing 
(with 35mm, open the cassette and release the film) 
and fasten one of the film clips to one end of the film. 
Attach this film clip to a hook on a wall or darkroom 
shelf, about 6 feet above the floor, and slowly unwind 
the film while maintaining a slight tension. Separate 
the other end of the film from the paper backing and 
attach the second film clip. 

Take the upper dip off the hook and allow the film 
to sag in a U-shape with the emulsion side down. Dip 
the bottom of the U into a presoak and pass the length 
of the film back and forth through the water by 
alternately lowenng one end while raising the other. 
Continue agitating the film in this manner for about a 
minute. The presoak serves two purposes: it prevents 
the formation of air bells when the film is placed in 
the developer and it greatly reduces the tendency of 
the film to curl. 

Turn the film over, emulsion side up, start the 
timer, and transfer the film to the developing solution. 
Pass the film back and forth through the developer, as 
described above for the rinse bath, and continue 
agitation in this way until the timer rings. Transfer the 
film to the stop bath, and quickly pass it back and 
forth several times. 

Transfer the roll to the fixing bath and agitate it for 
about 2 minutes. Then the dajkxoom lights may be 
turned on. If the fixing solution is deep enough in the 
tray, one end of the film can be placed in the tray, and 
the entire length of the film can be lowered into the 
tray in folds. However, if the tray is shallow or the roll 
is very long, it is Ibetter to cut the negatives into 
shorter lengths that fit into the tray. To 'insure 
thorough fixing, the film should be agitated several 
times after it has cleared. When the fixing is complete, 



transfer the film to the, wash. Washing and drying 
complete the process. * 

You can well understand that this method of roll- 
film processing is likely ta lead to scratches, uneven 
development, and tire^arms. 

Exercises (410): 

1. Why is it important to agitate pack film in the 
presoak? 



2. Why is pack film h&rder to process than cut film? 



3 What makes the tjay processing of roll film 
difficult 0 



2-4. Using Tanks, Hangers, and Reels 

Most of your hand processing of film employs 
tanks, hangers, and reels. These darkroom supplies 
cut film handling to the minimum, thus reducing the 
chances of scratches and insuring consistent results. 
In this section we shall discuss using these tools in film 
processing. 

411. Explain procedures in using tanks and hangers 
for the processing of sheet film. 

Tank development is recommended for processing 
a number of sheets of film at one time. The tanks 
filled with the appropnate solutions are deep enough 
to completely cover the films. The individual sheets 
are supported by a film hanger. By using the tank 
method, you will find the solutions last longer 
and you will be more assured of even processing. 
Figure 2-3 shows the equipment needed for tank 
processing cut film. 

Loading Sheet Film Hangers. A film hanger is 
simply a channeled frame suspended below a bar. The 
bar is long enough to reach across the tank and allows 
the frame to hang below the surface of the solution. 
The frame has channels on the bottom and both sides, " v 
as well as a hinged channel across its top. Each hanger 
normall) holds one sheet of film. The hangers are 
manufactured in the normal sheet film sizes such as 4 
x 5, 4 x 5 film pack, 5x7, and 8 x 10 inches. 

\ The darkroom should be arranged to provide a 
clean loading area. The hangers should be kept on a 
special bracket to be easily reached. Space should be 
provided so that the hangers can be stacked against 
the wall after they are loaded and before they are 
placed in the developing tank. 

t 
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Figure 2-3 Equipment for tank processing cut film 



For loading, spring back the hinged lop channel of 
the hanger so that the side channels are exposed. Hold 
the hanger in your left hand, and pick up the film with 
your right. Insert the film into the hanger so that thef 
edges slide into the channels; it may be necessary to 
tap the back of the film lightly with your fingers to 
make sure that the film falls into the bottom channel. 
Spring the hinged top back into place. 

You may prefer this other method of loading. First, 
spring the top channel halfway back. Next, instead of 
« sliding the film into the sides, place most of one edge 
in the left-hand channel, and curve the film slightly so 
that the opposite side will spring into the right-hand 
channel. Only a slight drop is then required for the 
film to slide into place. Finally, snap the hinged top, 
^ closed and give the hanger a slight shake to see that 
\ the film is free in the channels and has not been 
A" pinched or buckled. , , 



^ Developing Sheet Film. Once the hangers are 
loaded with film, lift all of them by their crossbars and 
lower them into the predevelopment water rinse. They 
should be lowered into the tank until the hanger 
crossbars rest on top of the tank. The predevelopment 
waier rinse is optional when you are using the tank 
method of de\elopment, but it has all the advantages 
previous!) discussed, plus the following, which we 
ha\e not fully covered before: 

a. The air'bu^bies. which usually occur when dry 
film is immersed m a solution, can be agitated free 
without harmful effect. . 

b. When the water softened emulsion is placed in 
the developer, the action of the solution begins 
uniformly over the entire emulsion. Thus, uneven or 
streaked development ts avoided. 

c. The predevelopment water rinse removes the 
antihalation backing dye, which interferes with the 
action of some developers. 

d. Tfie presoak brings the temperature of the film 
and the hangers to the processing temperature. This is 
of considerable importance when attempting to 
maintain constant temperatures mall of the processing 
solAions. 

After Lminiues, lift the loaded hangers out of the 
water and allow them to drain. Then immerse all of the 
hangers into the developer simultaneously with the 
starting of the timer. This procedure insures uniform 
agitation and even development. The immersion 
Should be done slowly and smoothly to prevent 
splashing and the formation of air bells. 

Once the .hangers are in the tanks, strike them 
sharply against the sides of the tank several times to 
dislodge any air bells that may have formed. Leave the 
hangers undisturbed for 1 muuite, and then agitate all 
of the hangers for 10 seconds, following the pattern 
\ illustrated in figure 2-4. Continue the agitation pattern 
of 10 seconds per minute throughout the remainder of 
the development time. 

At about 10 seconds prior to the completion of the 
development time, lift the hangers out of the tank and 
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Figure 2-4 Cm-fiirn aeuation 



allow them to drain. Then transfer the hangers into the 
stop bath and agitate them continuously for about 30 
seconds Drain them and then transfer them into the 
fixing tank Continuously agitate them in the fixing 
bath for the first 2 minutes, and then continue agitating 
on a 10 seconds per minute basis for the remaining 
fixing time Drain the sheets again a;id transfer them to ' 
the wash tank, When washing is completed, remove 
each sheet from its hanger, sponge off the excess water, 
and hang them up to dry. 

If the wet films are dried in the hangers, drying 
marks from along the edges of the film, thus reducing 
<he actual usable size of the negative image. It is better 
to suspend each film individually from a line with a 
film clip, and dry the hangers without film in them. 



Developing Film Packs. The procedure for 
developing film packs by the tank method is 
performed through using film pack hangers. The film 
pack hangers crossbar and channeled frame are 
concave and, unlike with other hangers, the film (with 
the paper removed) is placed in the hanger with the 
long dimension vertical. After the loading of the film 
pack hangers, the processing procedures are the same. 

Exercises (411): 

1 Why is tank and hanger processing of sheet film 
better than tray processing? 
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2. How docs a film hanger work? 



3. In what manner should the hangers be immersed in 
the developing tank? Why? 



4. Briefly explain the pattern for agitating film. 



5/Whv should the film be dried off the hangers? 



6 W hat is the main difference between film pack and 
sheet film tank processing? 



412. Explain procedures used in the tank processing of 
roll film. 

Developing Roll Film, It is far more convenient and 
reliable to develop roll film in a small tank than in a 
tray The design, detail, and construction differs 
somewhat among the \anous manufacturers* models 
v of tanks, resulting m differences in loading ^nd use. 
Generally, the basic unit, as illustrated in figure 2-5. 
consists of a spiraled and grooved reel to hold the film, 
a tank with a light-tight cover, and a filler cap. Each 



reel is constructed for a specific size roll of film or can 
be so converted. The tank top permits pouring the 
chemicals in and out in the light. Normally, the parts 
are made out of stainless-steel or plastic. 

The proper loading of the film reel in total darkness 
is one of the most important steps and a challenge to 
the beginner. First, make sure that both th'e reel and 
your hands are clean and dry before loading. Then 
remove the film from the cassette (35mm or 70mm) or 
separate it from the paper backing (120 or 220). The 
film must be handled by its edges in order to prevent 
scratches. (When working with 35mm, the tongue of 
the leader must be cutoff tomakea square end prior to 
loading.) Next, attach the film to the core of the reel 
(certain reels load from the outside in), with the 
emulsion facing the center. Turn the reel while 
applying a gentle pressure with the thumb and 
forefinger on the edges of the film. This pressure will 
produce a slight curl in the film and alio w it to pass into 
the edges of the reel. As you continue to turn the reel, 
the film will straighten out and fit into the grooved 
spaces in the reel. Apply enough tension to the film so 
that it will not skip grooves. However, excessive 
tension can cause the film to overlap into a reel. (This 
skill is best practiced in the light a few times with 
dumrm film.) ^ 

Once youhave the reel or reels loaded properly, you 
can think about processing. Although all the tanks 
have provisions for pouring in the solutions after the 
film is inside, it is best to have the tank already filled 
with developer. This prior preparation insures more 
even development. You start the timer, place the 
loaded reel in the tank, put on the top and cap, and 




Figure 2-5. Suinkss-steel roll-film tank and feci. 
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then briskly agitate for a few seconds to break any 
trapped air bells. (Once the top is on, the remaining 
steps can be done in the light.) You then continue 
processing for the required time with the correct 
agitation. 

During the last 10 seconds of the developing time, 
the solution can be poured but from the tank through 
the light-trapped pouring hole. Fill the tank with water 
or stop bath solution and agitate for 30 seconds to a 
minute. Then pour out the solution and pour in the 
fixer. Agitate the film continuously for 1 to 2 minutes, 
and then agitate the film at required intervals during 
the remaining fixing time. Pour out the fixer, and wash 
the film by removing the tank cover and running a 
continuous stream of water into the tank for about 20 
minutes. Once the washingis completed, sponge off the 
film and dry it. 

(NOTE. To improve >our finished product it is a 
good idea to bathe your film m'a water softener such as 
"Photo-Flo" prior to drying. This technique reduces 
the chance for water spots. Also, when drying roll film, 
make sure that you use a clip or clothes pin at the 'free 
end to prevent curling.) 

Exercises (412): 

I. Why is it important to apply just the right amount 
of tension when you are loading roll film on a reel? 



2. Why is it important to fill the tank with developer 
solution prior to dropping in the reel? 



3. How can you help prevent curling when you are 
drying roll film? 



2-5. Time/Temperature Factors 

Many factors must be considered if you want to 
insure correct development during film processing. 
Two of these are the time of development and the 
temperature of the developer. 

413. State principles related to time and temperature 
factors in development. *- 

The control of the factors of time and temperature is 
essential to correct processing. If the film is developed 
for too short a time or at too low a temperature (or a 
combination of the two), a weak, low-density negative 
will result. Such underdevelopment causes a loss of 
detail in the shadow portion of the negative and 
reduces contrast On the ortier hand, if the- negative is 
developed for too long a period or at too high a 
temperature (or both), the result i$ overdevelopment. 



An overdeveloped negative has, useless density, 
blocked up highlights, and too much contrast. By 
following a time, temperature chart (illustrated in 
figure 2-6) supplied with your film or chemicals, you 
can establish the correct combination that will produce 
printable negatives. (NOTE. The exact processing time 
will also be affected by your method of processing. 
Make sure that the time, temperature chart you use 
applies to the type of film and processing method you 
are using.) 

Normally, temperature is maintained at 68° F, and 
the time of development is varied to produce the 
desired results with the particular film, developer 
combination. There are several reasons for this 
standardization. At a temperature of 68° F, the gelatin 
swells sufficiently toalluw adequate penetration of the 
^developing solution without softening to the point 
where the emulsion is easily damaged (which occurs at 
higher temperatures). Ttmperatures lower than 68° F 
tend to slow development excessively. Only when time 
is of the utmost importance are high temperatures 
used. (Higfcmemperature processing is a feature of 
machine, rather than hand, processing.) 

When you know the time/ temperature relationship 
for a given filril-developer combination, processing in 
total darkness becomes relatively^imple. You adjust 
solutions to the prescribed temperature and then 
process for the required time. Assuming proper 
ex posure, time /temperature processing can 
consistently produce satisfactory results. 

Time / temperature processing is a giant step over the 
old inspection - method. The inspection method 
required checking the negative density under an 
appropriate safelight. This called for a very 
experienced eye in order to obtain consistent results. 
However, this older method is still used when the film 
is not normally exposed and the person who is 
developing does not kno(v how much deviation from 
normal development is necessary to get a satisfactory 
result. 

All solution temperatures (developer, rinse, fixing 
bath, and wash) should be as near to each other as 
possible. If there is considerable difference in the 
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temperatures between solutions, the emulsion is 
subjected to excessive expansion and contraction, 
which may cause it to wrinkle or crack. This effect is 
called reticulation. Normally, this permanent defect 
renders the negative useless for printing. • 

Exercises (413): 

Complete the following statements related to 
time temperature factors in development. 

1. During, development, negative density increases 
with both and ^ increases. 



2. An overdeveloped negative has density. 



3. The normal development temperature is. 

s F. 



4. High processing temperatures can cause excessive 
of the emulsion. 



5. Time- temperature processing is more reliable than 
the jC method. 



_ 6. If there are wide differences in the temperatures of 
processing solutions, you may get 

» 

2-6. Agitation 

As we discussed different methods of processing, we 
have indicated the need to agitate the film in each 
processing step. The technique of agitation is therefore 
very essential. 

414. Discuss the principles and techniques 6( the hand 
agitation of film* 

Effects of Agitation. The act of moving a 1 
photographic film in a processing bath or moving the 
bath relative to the photographic material during 
processing is called agitation. The purpose of agitation 
is to cause a more rapid exchange of the used solution 
absorbed into the gelatin and the*fresh solution from 
outside the gelatin. One can appreciate the importance 
of agitation better by studying the effect during 
development ^ 



During development, the fully exposed areas of the 
film (highlights) exhaust the developer faster than the 
middle tones or shadows because there is a higher 
percentage of exposed halides to be reduced. If there is 
not adequate agitation, the highlights will not be as 
fully developed, relative to the middle' tones and 
shadow areas. For the same reason, the middle tones 
will not be full-bodied. The result i&an underdeveloped 
negative that lacks a good tonal scale, detail, and 
contrast. Over-agitation causes the opposite problem. 
Overdevelopment increases contrast and blocks up the 
highlights. Proper agitation, as recommended by the 
developer instructions, insures an adequate exchange 
of fresh for exhausted developer, which results in 
adequate detail, contrast, and tonal range. 

While we have emphasized the importance of 
agitation in the developer, correct agitation is 
important in each processing step in order to insure a 
continuing exchange of fresh for exhausted chemicals 
over the film surfaces. 

Methods of Agitation. Though we have mentioned 
agitation as we discussed each method of processing, it 
is a good idea to review the different types of 
techniques that can be used. 

Agitation \of Sheet film in a tray. If you are 
processiftg^my^a single sheet, one good agitation 
method is to tilt the tray so that the solution 
accumulates fit one end. Slide the sheet of film 
emulsion up in at the opposite end of the tray and as 
you do so, level the tray so that the solution comes in * 
over the sheet of film. Then agitate by rocking the tray, 
liftmg.each corner of the tray in a rotational sequence 
starting with the lower left end and going to the lower 
right, upper left, and upper right. This rotation insures 
an adequate cascade effect over the film. Tray agitation 
is normally continuous except for the latter stages of 
fixing. 

When you are processing a number of sheets of film, 
the above method will not work. Instead, you transfer 
each sheet, emulsion side up, into the tray, making a 
stack. Then you rotate each sheet from the bottom to 
the top throughout each step. Because this method 
requires constant handling of the film, care must be 
exercised in order to prevent scratches. Practice 
holding the film by its edges to reduce the chance of 
harm. ' 

Agitation of sheet film in a tank. First, make sure 
that you are not trying to develop too many sheets at 
one time. There should be adequate space around each 
Hanger in the tank. Once you are ready to agitate, 
follow these steps (review fig. 2-4): 

(1) Lift the batch of hahgers straight up out of the 
solution. Tilt them almost 90° to the left. Return the 
hangers to the solution. 

* (2) Lift the hangers out again, and then tilt them 
, almost 90° to the right. Return the hangers 1 to th^ 
solution. ' 

Normally, agitation in tanks is 10 seconds of every 
minute or 5 seconds of every 30 seconds. 
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Roll-film tank agitation. Tank agitation of roll film 
follows the standard tank pattern of 5 seconds every 30 
seconds or 10 seconds every minute, the exact method 
depending on the film, developer combination. The 
method of agitating the lank depends on its 
construction. By following the directions, you will get 
proper results. Normally, a roll-filmtank is agitated by 
inverting it and then returning it to the vertical several 
times. 



Exercises {414): 

I. What is the purpose of agitation? 



2. A lack of adequate agitation in the developer causes 
what kind of negative? 



3. How can you agitate several sheets of film in a tray? 



4 What is the basic difference between tray and tank 
agitation? 



2-7. Solutions 

Quah y film process ng requires the use of the 
appropriate solution fo each step. As we indicated 
earlier, the chemicals slu uld be properly prepared, at 
the right temperature, and the film should be processed 
in the recommended manner. To help you understand 
the function of the developer, stop bath, and fixing 
, bath, we are going to discuss their chemical makeup. 

415. Identify the constituent parts of a developer 
solution. 

Developer, The function of photographic 
development is to make the latent image in the negative 
visible by reducing the exposed silver habdes to a black 
metallic silver. There are many chemicals* used in a 
developing solution and each one has a definite 
function. Developers generally contain (1) a solvent, 
(2) a reducing agent, (3) an accelerator, (4) a restrainer, 
and (5) a preservative. 

Solvent. Tap water is used as a solvent for mixing the 
chemical components in a developing solution. 
Without water, the dry chemicals could neither soften 
the emulsion nor reach the exposed hahdes. (NOTE. 
Distilled water can be used but its additional expense 
is normally not justified unless tjie available water is 
contaminated.) t 



Reducing agent yTht most important chemical in a 
developing solution is the reducing agent, wnicn 
actually redi^es the exposed silver halides to black 
metallic silver, making the image visible. There are 
several chemicals that may be used as recfocmgagents, 
but only two - hydroquinone and metol— are found in 
most standard developing solutions. 

Hydroquinone is a Jllow- working, high-contrast 
reducing agent. It becomes inactive at temperatures 
over 80° F. Hydroquinone has good keeping qualities, 
is mnstaining, and produces a cold, blue-black tone. 

Metol (also known as Elon, Pictol, and Rhodol) is a 
*soft, but quick-working, lo -^-contrast reducing agent 
that produces maximum del til. It is affected very little 
by changes in temperature, has excellent keeping 
qualities, is nonstaining, and gives a blue-black tone. 
^-Metol and hydroquinone are generally used in 
combination. The resultant (MQ) develpper has the 
desirable characteristics of both reducing agents and is 
superior in many ways to a solution containing either 
agent by itself. 

NOTE: T^te are a significant number of different 
types of developers. Because of their individual 
makeups (significantly in the type of reducing agent or 
agents that are used), they will give you different 
results. Some will produce high contrast, others will 
reduce contrast, and still others will permit you to rate 
your film at a higher exposure index (ASA is used only 
when you use the official speed rating), giving yqu a 
higher effective film speed. By consulting the Photo 
Lab Index and trade literature, you can get acquainted 
with the different types. Through testing, you can work 
out the film/developer combinations that give you the 
results you need. 

Accelerator. The developer solution must be in an 
alkaline state so that the reducing agent will be active. 
Most .gents are either neutral or slightly acid, making 
it necessary to a^d an alkali to the developing solution. 
The alkali, called an accelerator, energizes the reducing 
agent and also causes the emulsion to soften and swell, 
t. as allowing the reducing agent to penetrate more 
r: >idly. 

Accelerators fall into three general classifications: 
mild, moderate, and strong. Sodium borate (borax) is 
a mild alkali and isoised in low-contrast, fine-grain 
developers for negatives only. Sodium metaborate is 
slightly stronger than borax but is similar in action. 
Sodium carbonate is a moderately strong alkali and, is 
the accelerator used in most developers, for both film 
and paper. Sodium hydroxide, a very caustic alkali, is 
extremely active and is used in high-contrast film 
developers. 

The activity of a developer can be changed to a 
considerable extent by varying the amount of alkali. 
Because tne accelerator is a determining factor in the 
activity of a developing r olution, it has a marked 
influence upon the decree t f graininess produced in a 
negative. The more active the developer, the greater the 
clumping action; the milder' or less alkaline the 
developer, the finer the grain. 
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Restrained A developing solution containing only a 
reducing agent and an accelerator will tend to reduce 
the unexposed silver halides. Such unrestricted 
developing action results quickly in chemical fog. To 
prevent this action, a restrainer, which makes the 
developer more selective by restraining developing 
action in the unexposed areas of the emulsion, is 
added. Because the restrainer also permits longer 
development, greater contrast can be obtained. An 
excessive amount of restrainer, however, greatly 
retards development. 

The chemical most commonly used as a restrainer is 
potassium bromide. Other chemicals that can be used 
are potassium iodWe and sodium chloride (table salt), 
although they are not entirely satisfactory 

Preservative. A solution containing solvent, 
reducing ° agent, accelerator, and restrainer will 
develop your film. However, such a solution would 
oxidize very quickly, resulting in rapid uetenoration. It 
would also fog and stain the emulsion. In order to 
' prevent excessive oxidation, a chemical that acts as a 
preservative i$ added. The preservative retards the 
oxidatioaof the developingagent, ma king the solution 
more stable and preventing stains. The chemical most 
commonly used as a preservative is sodium sulfite. 

(NOTE: In addition to the basic ingredients, there 
may be additional additives that are used for special 
purposes For example, sodium sulfate may be added 
when you are processing at higher than normal 
temperatures.) 

Air Force Developers. The kind oi" developer you 
select for processing helps to determine the finalirnilt. 
The Air Force has standardized on the following 
formulas to fit your 0 requirements: 



AF Developer (Kodak) 



2. Match the developer ingredient listed in column A 
with the appropriate chemical listed in column B. 



Sumber 


Formula 


Description 


, 1 


D-19 


High contrast. 


2 ' 


DK-50 


Average grain and normal 






contrast. 


3. 


D-76 


Semifine grain and low 






contrast. 


25 


D-72 


Suitable for either film 






or paper 



Exercises (415): 

1. Match the developer ingredients listed in column A 
with the appropriate description of its function 
listed in column B. 



a 

b 

c 

d. 



Column A 

Prcsenative 
Reducing agent 
Accelerator. 
Solver)*r*\ 
Restrained 



Column B 

(1) Changes exposed silver hahdes to 
black metallic silver. 

(2) Is necessary to mix the chemicals. 

(3) Prevents chemical fog. * 

(4) Prevents oxidation. 

(5) Makes the solution alkaline. 



a. 

b 

d. 

— e. 



Column A 

Reducing agent 

Accelerator. 

Preservative. 

Solvent. 

Restrainer. 



Column B 

i\) Water. 

(2) Potassium bromide. 

(3) Sodium carbonate. 

(4) Metol. - 

(5) Sodium sulfite. 



416. identify the ingredients, functions, and types of 
stop baths and fixing btths. 

Stop Bath. A stop bath (or rinse) is needed for three 
functions: 

(1) To interrupt development by diluting or 
neutralizing the alkali of developer that is trapped in 
the emulsion. 

(2) To prolong the life of the fixing bath. 

(3) To prevent the fixing bath from staining the\ 
photographic emulsion. 

There are three general types of stop baths: water, 
acid, and hardening. Each type has a specific purpose 
and should be used accordingly. 

Plain water helps to retard development and remove 
excessive developer from the emulsion, thereby 
minimizing contamination of the fix. Since there is no 
neutralization of the developer, development will 
continue to some degree until the film is placed in the 
fixing bath. 

An acid bath stops all development by neutralizing 
the action of the developer. The neutralization is a 
result of the chemical reaction between the alkali of the 
developer and the acid of the stop bath. This type of 
stop bath insures more accurate development times 
and definitely prolongs the iife of the fixing bath. An 
acid stop bath is easy to make by mixing the proper 
proportions of 28-percent acetic acid and water. 

A hardening stop bath is used when the emulsion is 
processed in high temperatures. The hardening 
ingredient protects the emulsion from becoming 
excessively soft. A hardening stop bath is made by 
adding chrome alum to an acid stop bath. 

Fixing Bath. When a negative is removed from the 
stop bath, there are silver halides remaining in the 
emulsion that were not developed. If these halides are 
not removed, they will discolor when exposed to light. 
The function of the fixing bath is to dissolve these silver 
halides, thereby making the image permanent. 

The ingredients found in a fixing bath are as follows: 
' a. Silver halide solvent — The silver halide solvent is 
the agent that changes the undeveloped silver halides 
to a water soluble compound. The compounds are then 
removed, thereby making the image permanent. The 
chemical most commonly used as a halide solvent is 
sodium thiosulfate. 

b. Acid or neutralizer — After development, the 
softened emulsion retains a considerable amount of 
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developer. If this developer is allowed to remain, it will 
continue its reducing action. Even though an emulsion 
is thoroughly rinsed in water before it is placed in the 
fixing bath, enough of the developer will remain to 
continue developing action. The result will be stains, 
making the negative unfit to print. To stop 
development and prevent staining, acetic acid is added 
to the fix. This acid neutralizes the alkalinity of the 
developer and stops its action. 

c. Preseptfative— When acid is added to the fixing 
bath^Hrfie sodium thiosulfate decomposes into free 
sulppir and sulphurous acid. To offset decomposition, 
a preservative, sodium sulfite, is added. Sodiumsulfite 
acts a* a preservative by combining with free sulphur 
and forming new sodium thiosulfate. It also prevents 
any discoloration of the solution, which could cause 
stains. 

</. Hardener— During development, the emulsion 
becomes soft and swollen. If processing is continued 
without hardening the gelatin, frilling, scratching, and 
other undesirable effects may occur. The most 
common hardening agent used is potassium alum It is 
added to the fixing bath to allow the film emulsion to 
harden. 

e. Buffer— One last chemical, boric acid, is 
* sometimes added to fixing baths to retard the 
precipitation of an aluminum sulfite sludge and to 
prolong the useful life of the fixing bath. Used in this 
manner, boric acid is called a ^buffer. 

Some common types of fixing baths are the plain 
fixing bath, the acid fixing bath, and the acid 
hardening fixing bath. 

A plain fixing bath contains nothing more than 
sodium ihiosulfate (hypo) and water. It is very seldom 
used except for special purposes, such as fixing prints 
that are to be toned. 

An acid fixing bath is a solution of sodium 
thiosulfate combined with the proper proportions of 
acetic acid and sodium sulfite. This type of bath is 
unsatisfactory for negatives because it has no 
hardening qualities. It is primarily intended for black- 
and-white prints. 

The acid hardening fixing bath is an acid bath 
containing a hardening agent to project the emulsion. 
It is the most popular type for filnj. 

/ 

Exercises (416); 

1. List the three purposes of a stop bath. 



2. What two ingredients are used to make an acid stop 
bath? 



3. What are the three types of stop baths? 

4. What is the primary purpose of the fixing bath? 



•5. What are the three types of fixing baths? 



6. What ingredients go intc an acid hardening fixing 
bath? 



2-8. Processing Black-and-Whit* Positives 

The purpose of making a black-and-white positive 
(transparency) is to obtain an image that is viewed by 
transmitted light instead of reflected light like a print. 
The steps necessary for processing black-and-white 
positives are identical to that used for negatives. The 
only difference is the type of film/developer 
combination that is used to obtain the image. 



417. Briefly explain how to produce a black-and-white 
positive, 

Black-and-white slides can be made by printing on 
film. Fine-grain positive films, like Kodak's 
Commercial Film 6127 or High Contrast Copy, are the 
best emulsions. Your black-and-white original 
negati\e is then contact printed onto the copy film. 
(We shall discuss contact printing in greater detail later 
in this volume. For the time being, we'll state that 
contact printing requires only that the negative and the 
film be held together emulsion toemulsion and that the 
fil n be exposed by passing light through the base of the 
negative. A contact printer, which is^ised to do this, is 
essentially a box that contains a lamp, a fiiiece of glass 
upon which to put the materials, and a lid to hold them 
flat together.) The film' is then developed according to 
directions, like the following: * 



Film 

High Contrast Copy 
Kodak 6127 



Development , 

D-72 'diluted 1:1. 6 
minutes at 68° F 
(Tank— intermittant 
agitation). 

DK-50.2minutesat68° 
F (Tray— constant 
agnation). 
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After processing, the film is fixed, washed, and Exercises (417): - 

dried. After drying the film is cut and then mounted. , Br|efl QUttine how g black . and . white itive can 
Glass mounts should be used so that the film w.ll not be ma<Je frQm &n qj . ivc 
buckle under the heat of the projector. 



2. Why should glass mounts be used for slides? 

I 
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CHAPTER 3 



Film Finishing 



EVERY STEP IN the photographic process is 
important. In the previous chapter we emphasized the 
developing and the fixing of the film. Film finishing is 
vital too. In this chapter, vve shall discuss washing, 
drying, spotting and opaquing, archival quality, and 
handling and storage. 

3*1, Washing Film 

Pjaperly washing your film is as important as the 
professing steps that precede it. It is therefore worth 
your while to learn prbper washing methods. 

418. Complete statements regarding the principles 



processing solutions or > ou may get reticulation. If you 
processed the film at 68° F, washing at 75?' F is.npt 
likely to cause a problem and is an effective washing 
temperature. \ 

d. pH of the wash water— Increasing the pH of the 
wash waterfront 7 (neutral) to 1 1 (by the controlled 
addition of ammonia) reduces the washing time. This 
practice however, is rarely carried out. 

e Amount of hypo in the emulsion*— Theamouht of 
hypo that is Bfcing retained by the film may vary with its * 
construction and the type of fixing solution that is 
used. For example, positive emulsions are thinner than 



,1V ; »■—■«» .*5-*"h. 6 »»; F..m.. H .« * eg ative emulsions and therefore retain less hypo and 

and techniques associated with proper film vvashing*<^~^ can be 



An unwashed or improperly washed emulsion will 
stain. cr>stallize. and fade. It is therefore essential to 
remove the complex salts formed by the fixing bath as 
much as possible. The salts that remain in the emulsion 
will discolor with time. 

Factors That Affect Washing. The amount of time 
that* film has to be washed is dependent upon the 
following factors: 

a. j Efficiency of the washing system — The more 
rapidly fresh water comes in contact with the film, the 
less washing time that is required. Washing systems 
therefore should have a constant flow of water and a 
drainage system that is removing the contaminated 
water. , — ^ 

b Chemical composition of the fikhgT)ath— Film 
processed in npnhardening or chrome alum fixing 
solutions wash faster than materials processed in fixing 
baths containing potassium alum. When film is fixed in 
a potassium alum fixing bath, washing time varies 
with the pH of tfie bath, being more rapid at pH values 
abov£ 4.9. (pH is explained in detail in the fourth 
volume of this course. Briefly, pH rates the alkalinity, 
aciditv. or neutrality of a solution on a scale that runs 
from 0 through 6.9 (acid), 7 (neutral) and 7.1 to 14 
(alkaline), 4.9 indicates a moderately acid solution). 
Washing is faster when the matehal has been fixed in a 
fresh fixing bath than when it is fixed in a partially 
exhausted bath. 

c. Temperature of the wash water— Properly 
hardened films wash more rapidly in warm (75° F) 
water ;than in cold (65° F) water. Extremely high 
temperatures will damage the emulsipn, and you don't 
want to deviate far from the temperances of your 



washed in less time. 
/ Degree of hypo removal required— Standards 
vary on the amount of hypothat must be removed for a 
satisfactory result. Normally, 0.02 to 0.4 milligrams of 
hypo per square inch. is permissible for ordinary work. 
True archival quality (lasting permanence over a* 
number of years) requires that residual hypo be limited 
to 0.005 milligrams per square inch. On a practical* 
level, a negative that is going to be used only fox a 
couple of prints and then is going to be thrown out 
can receive less washing than one that is £oing to be 
sent to a filip repository. 

Washing Methods. Let us review a couple of 
methods for washing sheet or roll film. 

There are two basic methods of washing sheet filiji. 
One method is to place the negatives in a txay of water 
and then change the water about every 3 minutes tor a 
minimum of 10 changes. A more efficient tray method 
of washing is accomplished by attaching a device to the 
edge of the tray that siphons the water from the bottom 
of the tray while the fresh water runs in at the top. The 
second and a very satisfactory method of washing 
negative^ is in a tank. Film hangers hold the individual 
negatives suspended separately in a tank while water is 
pumped into the tank. With either method, youinust 
make sure that the negatives are separated so that a 
sufficient amount of fresh water reaches all areas of 
each negative. Keep in mind that the tray method can 
usually handle only a few sheets of film at a time. • 

Roll film ma> be washed by removing the tank cover 
and inning a stream of water into the tank. You 
should insure that the tank is emptied every few 
minutes so that chemicals are not collectine at the 
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bottom. -A very efficient .method is placing the reel into 
a specifically designed roll-film washer, which consists 
of a tube in which the reel is placed and through which 
* ' water is forcedin at the bottom, 

Regardless of the method you use, plan to wash your 
film at least 20 mihtftes unless otherwise, directed. 

Exercises (418): ; , 

• Complete the following statements on film washfeg. 
.1. A 4- exchange of water is 

essential to efficient washing. 

2. Rim fixed in a fresh fixing bath" requires 
_I washing time. 

3. The the temperature of the wash water, 

tfie the washing time. 

4. Archival quality requires that the residual hypo be' 
limited to :_1 milligrams per square inch. 

5. The — . method is suitable for washinga few 

sheets of film. 

6. Roll film can be washed in the in which 

it is processed. 

, 3-2. Uw of Wetting Solutions 

The proper use of a wetting solution insures that 
your negatives will dry properly. Let us see how they 
i:x>* work. 

419. Briefly explain the purpose and use qf wetting 
solutions. 

Purpose of Wetting Agents. After washing, water 
often drains from film in an irregular manner, dinging 
to both the emulsion and base sides in drops, streaks. 

• and uneven patterns. If such partially drained* or 
incompletely wiped films are subjects to vigorous 
drying conditions like hot air blasts of intense radiant 
heat, {he areas under these streaks and drops of water 
dry much more slowly than the surrounding film. The 
swollen gelatin at these points is thereby subjected to 
stresses and shnnks unevenly, changing the density of 
the silver image\ Even when surplus water is removed 

• from the emulsion side, if drops of water remain on the 
base side, drying bf theenjulsion immediately opposite 
the wcter spots is retarded and drying marks may 

•result. 

Wetting agents are chemicals that lower the surface 
tension of liquids, thereby breaking d^wn droplets of 
water. The film wifl thereby dry Faster and more evenly 
The common commercial wetting agents that are 
designed for photographic use indude Kodak Photo- 
Flow. Edwal Kwik-wet and Pako Pakowett. 

Proper Use of Wetting Agents* A typical method is 
to bathe the film after washing for about 2 minutes in a 
2-percent solution of the wetting agent. The exact 
concentration depends on the product being used. 
(About a*quarter of a cap full of Photo-Flow in an 8 x 
10 tray of ivater is sufficient.) Do not use too much 
. wetting agent, as this can cause stains or a scum to 
form. Once the film has been bathed, drain it and 
sponge off the excess liquid. 
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Exercises (419): . 

^JL Why shoujd film be Bathed in a wetting solution 
prior to drying? 



2. Explain how to use a wetting solution. 



3-3. Drying Film 

Once negatives have been "fixed and thoroughly 
washed, they are ready for drying. In the drying 
process, as with all other stages of development, proper 
handling of'J&e film is essential 

420." State principles and procedures related to the 
drying of t film. 

Basic Principles. In order for a negative to dry, it 
must be surrounded by dry air (i.e., air that contains a 
lower relative percentage of moisture than the gelatin). 
Warm air accepts more moisture than cold. However, 
if the air is not circulating, even heated air can rapidly 
establish a state of equilibrium with the moist film, and 
drying will- stop. Causing the damp air lo move away 
from the surface of the wet film and replacing it with 
dry' air will permit drying to continue. This is the 
principle behind the air impingement dryers currently 
in use. 

Photographic films and plates begin drying at the 
corners and edges as well as m the areas of heaviest 
density. Strains in the direction of the dry areas take 
place. While a glass base resists these strains, cellulose 
acetate, being flexible, will curl *n the direction of the 
dr> areas. As the film continues to dry. the strains 
graduail> begin to equalize, and the film, if properly 
dned, ultimately lies flat. (NOTE. Film should never 
be dned to the point that it becomes brittle. Brittleness 
can be a recurring problem in a low-humidity 
environment.) 

Drying Methods. Drying b> natural evaporation is 
quite good and negatives can dry in much less than 30 
minutes where you have adequate air circulation. 
Where speed is critical or where there is high humidity, 
drying can be accelerated by hot forced air. However, 
this method may cause damage to the emulsion. 
Forced drying attracts the lazy technician who wants 
to "get on with it." but it is seldom really necessary. 

The air impingement system is commonly used in the 
Air Force. In this system, air is warmed and blown 
against (impinges upon) the surface of the wet film. 
The warm, dry air picks up moisture and moves on. It 
is immediately replaced by more warm, dry air and the 
process continues until .the film is dry. Th^rate of 
drying is controlled by adjusting the velocity, 
temperature, and humidity.-of the air in the. drying 
chamber. In very hot and humid climates wljece the air 
is saturated with moisture, the air must be passed 
through a dehumidifier before it enters the drying 
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chamber. If this is not done, the film will not dry. In 
very dry climates, it is necessary to reduce both the heat 
and the air velocity to prevent overdrying. 

It is important to keep in mind that warm air is used, 
not hot ain Use a very moderate temperature setting on 
your film o^cr. In fact, try drying film without using 
any heat; y<to. may be pleasantly surprised what just 
good circulau&i%af air will do. 

Drying Problems. The primary problems to guard 
against are uneven drying, dust, scratches, and damage 
to the emulsion caused by overheating. After washing, 
both surfaces of .the film should be gently cleared of 
excess surface water with a clean, soft chamois or a 
viscose sponge. The film should be dried in a vertical 
position, hanging from a line or beam by film clips. 
With roll film, you can prevent curling by attaching 
another film clip to the bottom of the film. Film should 
not be left to dry in a banger or a reel if it is. uneven 
drying and drying marks will result. 

Dust and water spots are the most frequently 
encountered problems in drying films. Dtist, if not 
imbedded in the emulsion, m^y be removed with a 
camel's hair brush. Imbedded dust requires that the 
negative be rewashed and properly dned. Water spots. 
• which are small crater-like formations in the emulsion, 
can cause permanent damage. (The damage is the 
uneven density caused by the water spot. The spot 
therefore shows in the print,) The best cure is 
prevention. These problems can be avoided by using a 
hardening fixing bath, by keeping the film surface 
clean and clear, and by using a wetting agent rinse 

Exercises (420): 

l What type of air do you need to dry film? 



2, Strains caused bv drying go in which direction 0 



7. Why are water spots a serious problem? 



3 Film will become brittle in what type of 
environment? 



421. Complete statements regarding the operation of 
film dryers. 

Film Dryers. The Air Force maintains a number of 
different types of film dryers in its inventory. Each 
dryer has its own procedures for operation. You 
Should, therefore, consult the appropriate technical 
order or manufacturers booklet to insure effective 
drying. For purposes of <6Cussion. we shall outline the 
instructions for operating the EH-4 dryer, which is 
illustrated in figure 3-1, It is a typical dryer and '\s^^std 
in many base laboratories. J 

Prior to drying, follow the proper film processing 
procedures, as recommended by the film 
manufacturer, which will insure top-quahty drying 
Nesults. Drain the films for a short period before 
plating them in the drying cabinet 

.^control panel. located on the right side panel of the 
cabinet, contains the main switch, thermostat control 
knob, pilot light, and nameplate. (See fig. 3-2 ) Operate 
the dryer as follows: 

(1) Turn main switch ON. 

(2) Set the thermostat control knob at 100° F. After 
a warmup penod, with an outside temperature of 65° 
to 75° F. the thermostatic control regulates the 
temperature in the cabinet to wuhin plus or minus 10° 
F of the actual temperature setting in any portion of 
the drying space. The pilot light indicates proper 
function of the heating element (NOTE: The heater 
assembly is wired for safety and will not operate until 
the blower has been turned on.) 

(3) The heated air currents should strike the edge of 
the film and blow across the film surface. Avoid 
excessive heat, which tends to curl film. 

(4) To stop the dryer, first turn the thermostat to 
OFF and then turn off the main switch. The indicator 
light on the control panel will not burn when the dryer 
is completely shut off. 

The dryer should be properly maintained and kept 
spotlessly clean in order to insure good results. 



Exercises (421): 

4. Rate of drying is controlled bv what three factors 0 Complete the following statements related to film 

» dryer operation. 

1 It is. essential that the dryer be kept to 

insure dust-free negatives. 

5. In drying films, what may result if you use air that is 
too hot? 



6. How can you prevent rojl film from curling? 



2. The thermostat* the EL-4 dryer should be set at 
8 F. < V / 
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Figure 3-2 Fum drser temperature coruro! and power on off switch 



.prior to placing it in the 



3 Rim should be . 
drver. 



3-4. Etching, Spotting, and Opaquing Negatives 

Handwork is performed on negatives to correct 
defects a^d to make improvements in the final print It 
is important that you acquire a practical working 
knowledge of the techniques and processes involved so 
that >ou may produce the bpst possible prints from 
>our negatives. Etching, spotting, and opaquing are 
some of these basic handwork techniques. 



421 State the purpose and identify basic techniques 
associated with etching negatives. 

, Etching is aimed at one goal— the removal of pan of 
the emulsion that forms a portion of the image. This 
removal of black metallic silver is strict!) a mechanical 
process of shaving off tin) layers of the emulsion until 
the corfectftiensity is achieved. The principal tool used 
in this process is the etching knife. 

The effect of etching is to reduce density in the area 
that is etched. This technique is often used in reducing 
negative defects and facial defects like blemishes, 
freckles, and skin spots in portrait negatives. Etching is 
applied only to large roll and sheet film negatives. A 



2U-inch square negative would be the minimum size to 
work on. 

Due to the skill required, you .should carefull) 
examine a print rnadeirom the negative andmake sure 
that it would not be faster and more satisfactory to spot 
the print. (Print spotting will be discussed later in this 
volume.) If only a few prints are to be made from the 
negative, etching is a waste of time. However, when a 
large number of prints are to be made,„you can often 
save time b> tnaking a single correction on the 
negative. 

Etching Knives. The etching knife should be set 
aside and used for nothing but etching. Regardless of 
its shape or size, the etching knife must be honed to an 
edge that approaches perfection. Unless the etching 
knife has the best possible cutting edge, you will never 
be able to do a satisfactory job of etching. Very often, 
miscellaneous etching knives are made by the 
photographer himself. All that you need to make one is 
a needle of the appropriate size and a wooden handle. 
After mounting the needle in the handle, ) ou grind and 
hone the end of the needle to the appropriate shape 
Small pieces of razor blade property mounted in a 
handle also work well/ 

Etchirit Procedures, To prepare a retouching easel, 
secure to a small easel a sheet of 1 8- or 1 '4-inch 
plywood that has a center hole measuring 2 inches in 
diameter. Behind this hole, secure a sheet of diffusing 
glass. At the base of the easel you can put a light 
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source (There are, of course, professional retouching 
easels that are manufactured.) 

The plywood work surface serves a dual purpose. 
First, it limits the illumination to a small area being 
worked and thus prevents excessive glare in the eyes. 
Second, it holds the negative a short distancefrom the 
diffusing glass of the easel so 'that any blemish on the 
glass is not mistaken for a defect in the negative. 

Set up the easel so that the best possible illumination 
is given the negative. Regardless of the type of easel 
you use, you can vary conditions until the illumination 
is sufficient, if excessive sidelights prove detrimental 
when you are working, cut triangular sheets of black 
paper to fit the sides of the easel and tape them in place. 
Be sure to position the easel in such a way that a 
minimum amount of light 'comes from behind'Sou. 

Pin the negame o\er the aperture by one corner 
onl> In this way. it can readily be moved from one 
position :o another with a minimum amount of effort. 
Test the etching knife on the corner of the negative to 
be certain that it will sha\e smoothly without 
scratching. Hold the knife blade in such a position that 
the cutting edge is approximately perpendicular to the 
surface of the negativt. Film is ordinarily not very 
rigid, so it is best to etch small areas at a time. As the 
knife is moved back and forth across the area, the 
cutting should occur in one (Erection onl>. preferably 
right to left. Use a stroke not longer than 1 8 inch in 
leneth. Each stroke should be separate Do not develop 
^gjjfcinciesirable habit oC{&i£g*o remote emulsion on 
ooth mo\ements of the ifoife. The quality of work will 
not be satisfactory. 

Begin b> etching very lightly. When the blade 
begins to drag on the emulsion, increase the pressure 
sligntlv. You can do a much better job of etching uftfi 
many light strokes than with a few heavy ones. 

Man> umes. in actual practice, more emulsion is 
remo\ed than wa* planned. This lea\esthe etched area 
with too little density . Over etching can be corrected by 
retouching the area to the correct density. For this 
reason, etching is done before the negative is spotted 



Exercises (422): 

1 What is the purpose of etching? 



b. The basic tool in etching is the. 



2. Complete the following statements on etching 



a. Etching 
negatives. 



is accomplished on 



. -size 



c. A specially designed is used to hold and 

illuminate thenwgative. 



d. Cutting should be done in only direction. 



e It is best to use 



strokes when vou etch 



I" CKeretching can be corrected b> 



423. State the purpose and indicate basic techniqu 
of spotting and opaquing negatives. 



les 



Spotting and opaquing are more common types of 
negative handwork than etching. You should be able to 
apply both these techniques. 

Spotting. The term •spotting," appLed to negatives, 
refers to the practice of eliminating pinholes or small 
transparent areas m the emulsion. When a pinhole is 
not corrected, it appears as a black'spot in the print. If, 
the cut is only in the emulsion, it appears as a diffused 
uhite spot. By spotting, these defects appear as clear 
white spots on the print. These white spots can then be 
easily eliminated when vou spot the print. 

Spotting Technique. Place the negative on the 
retouching easel, contact printer, or plotting table, 
with the emulsion side of the negative toward theglass. 
Dip a mapping pen in the spotting dye. Using good 
magnification, lightly touch the spot on the back (base) 
side of the negative. With care, you can confine the dye 
to the spot without spreading over the surrounding 
area. Use extreme care in keeping the point clean if fine 
work is to be done quickly. You will notice that the 
penpoint has a tendency to pick up -small pieces of 
gelatin from the negative. 

Because pinholes are actually small holes in the film, 
they cannot be spotted on the emulsion side of the 
negative. The capillary action draws the dye to the 
sides of the hole, and the pinhole remains uncovered. 
At best, a pinhole is very difficult to correct on a 
negative; sometimes it can be successfully done on the 
base side of the negative with dye. 

Opaquing, Opaquing is covering an undesired 
portion of the negative with a light-resistant dye or 
opaque. When such a procedure is used, the block 
portion of the print appears white. This technique is 
therefore routinely applied to high-contrast copy 
negatives that have numerous pinholes. 
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Opaquing Techniqb*. Begin by placing the negative 
on a well-illumihaiid surface, such as a printer, 
retouching easel, or plotting table. The negative may 
be blocked on either side or both sides if necessary. It is 
best, however, to block on the back (base) side of the 
negative; this avoids -possible scratching of the 
emulsion. 

Saturate a cotton swab to about half its length with 
I A red dye. Follow the outline of the image, using 
short, side-to-sidc strokes. Work slowly, allowing 
sufficient time for the gelatin to become saturated with 
the dye. Experience and practice make it 
comparatively easy to follow the outline accurately. 
Use the swab the same way you would use a pencil or 
crayon It may be necessary to block on both sides of 
the negative if the area to be blocked is very thin and 
the remaining image quite dense. This, however, would 
be an exceptional case. Narrow areas may be filled in 
with a mapping pen. One common practice is to outline 
the subject with a mapping pen and block the 
remainder of the negative with a brush. Normally, 
however, you will not completely reverse a background 
from black to white. 

Dye blocking does not crack or flake off from the 
negative Once it is applied, it becomes permanent. 
Errors made may be removed by lightly wiping the area 
with a cotton swab and clean water. If the dye is not 
completely removed with water, use a 10-percent 
solution of sodium sulfite. All of the dye may be 
removed by soaking the negative in a tray of such a 
solution With moderate agitation, the red color and 
the resulting yellow stain both disappear. Wash the* 
negative in running water for 5 minutes and then dry. 
You may then repeat the blocking process if you desire. 

Opaque may also be used for the blocking process. 
Although it may have a tendency to crack and flake, it 
does have the advantage of completely blocking with a 
single application. Furthermore, it may be used in a 
rather thick consistency and thus does not tend to run 
as the red dye does. It is exceptionally good for 
following along the edges of objects. 

Exercises (423): 

I. What is the purpose of negative spotting? 



2. What is the purpose of opaquing? 



3. Complete the following statementson spotting and 
opaquing. 

A A pinhole that is spotted on a negative will 
appear on a print. 
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b. Normally, spotting is done on the side of 

v the negative. 



A^ir 



inhole is a 



.in the film. 



unlike red dye, can block with a single 



application 



e. When water is not sufficient, a 10% solution of 

an be used to remove the dye 

from a negative. 



3-5. Achieving Archival Quality 

Archival quality in photography means the keeping 
qualities of the final product. If photographic material, 
has been processed for archival quality, the material 
will not deteriorate with the passing years. 



424. Explain techniques 
archival quality. 



applicable to achieving 



Anything that may lead to or prevent eventual 
deterioration of the photographic image mustbegiv£;i 
your careful consideration. Only in this way can you 
produce materials having the best keeping quality 
obtainable. You must take into consideration such 
factors as the composition of the stop bath, fixing bath, 
and wash. In addition, you must consider such aids as 
hypo eliminators. 

Stop Bath. The pH of the stop bath has an effect on 
the archival quality of the film you are processing. For 
best results, the acetic acid stop bath should be 
maintained between a pH of 4 and 6 — low enough to 
react with the alkali of the developer and yet high 
enough not to cause any damage to the emulsion. The 
acid used in the stop bath should be weak so that its 
reaction with the alkali will be slow. Very strong acids 
diluted to the proper pH do not have the best archival 
effects. Since acetic acid meets the desirable 
requirements, it is normally used in stop baths- when 
yo^i are striving for permanence. 

Fixing Bath. The freshness of a fixing bath is a vital 
factor in the keeping qualities of the final products As a , 
fixing bath approaches exhaustion, the salts that form 
are increasingly difficult to dissolve from the emulsion. 
When the archival quality of specific pieces pf material 
is of utmost importance, frequent controlled checks of 
the fixing bath are essential. These checks are 
especially important if the processing is done with 
equipment that uses fixing bath recirculation, silver 
recovery, and fixing bath replenishment. 
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A double fixing bath arrangement is considered 
desirable for the attainment of archival quality A fresh 
fixing bath is placed in the first bath and a partially 
used fixing bath may be placed in the second bath. 
When the second bath approaches exhaustion, it is 
discarded. The used first bath is placed iirthe second 
position and a fresh fixing bath is placed fn the first 
position. By fixing the film for about 5 minutes in each 
bath, you can be fairly well assured of adequate 
fixation. 

Hypo Clearing Agents. Many treatments have been 
prepared for shortening the* washing times or 
converting the hypo *to a harmless material. Three 
types of hypo eliminators are especially effective. They 
.are alkalies, alkaline solutions of oxidizing agents such 
as hydrogen peroxide-ammonia, and neutral salt 
solutions. 

Wishing, films and plates can be adequately 
washed by water alone, provided there is adequate 
renewal of the wash water and sufficient time given. If 
an ammonia bath is used, however, the process may be 
speeded up. After washing for 10 minutes in water, the 
films or plates should be bathed in a 0.3 percent 
solution of ammonia (10 cubic centimeters of 28- 
percent ammonia per liter) for 3. minutes and then, 
washed for 2 or 3 minutes. The rate of washing is also 
< increased if a nonhardening or a chrome-alum fixing 
bath is used. 

While the purity of water used to wash photographic 
materials .may not be as critical as the purity of the 
water used in mixing the chemicals, it is 
nonetheless an important factor. When the water 
comes from the same supply as that used for human 
consumption, the water is normally pure enough for 
washing photographic materials. 

It is important that the wash water used for film be 
reasonably free of chemicals or contaminants If large 
amounts of sensitized materials are being processed, 
you should run a periodic check on the photographic 
chemical content of the wash waterto make sure that it 
is not contaminated. 

Available wash water may be contaminated with 
vegetable or animal matter; dissolved salts such as 
bicarbonates. chlorides, and sulfatesf'of calcium, 
magnesium, sodium, and potassium; or grit or other 
foreign substances. Almost any water can be purified 
to meet photographic washing requirements, but the 
method of purification depends on the type and 
amount of contaminants. 

Your main reason for analyzing the wash water is to 
insure image permanence. It is impossible to wash the 
fixing bath and byproducts of fixation from the 
emulsion of sensitized materials if the wash water is 
ioaded with these very chemicals. 

One method of checking the wash water is to 
measure the pH of clean unused water (from the san\e 
source as the wash water), check the pH of the wash 
water in contact with the materials as it leaves the wash 
tank, and then make a comparison of the two pH 
readingSylf the readings compare favorably, you can 
be reasonably sure that the washing is effective. 
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Exercises (424): 

Complete the following statements on the techniques 
used ftf achieve archival quality. 

1. For best results you should use an . 

stop bath that has a pH between and 



2. A fixing bath arrangement can better insure 

archival quality. ^ 



3. As a fixing bath approaches exhaustion, the 
that form are difficult to, dissolve. 



4. Wash time may be reduced by using an 
bath. 



5. It is important to have reasonably wash 

wafer. 



3-6. Handling and Storing Negative Material 

Can you afford to have >our precious negatives lie 
around afteryour efforts m shooting, processing, and 
finishing? Proper handling and storage of vour 
negatives is just as important as carefully loading >our 
camera to begin the photographic process. 

425, Indicate principles and techniques applicable to 
the handling and storage of negative material. 

Storage Problems. Moisture, strong light,-and heat 
can damage any film. Processed films should therefore 
be stored on the main floors of buildings, never in 
basements, which may be damp, nor in attics, which 
may be hot. A relative humidity of 25 to 50 percent ^ 
and a temperature of 70° F or less are best. It must be 
emphasized that high relative humidities are more 
dangerous than high temperatures, because of the 
possibility of fungus growth. In localiues where inside 
relative humidities of 60 percent or higher prevail, it 
may be advisable to build a moisture-proof box in 
which to store a film collection with silica gel. The box 
should be provided with a rubber gasket to make a - 
tight-closing lid, and the films should be arranged to 
permir adequate circulation of air within the box. 

To prevent physical damage, film should never be. 
touched with the fingers except at the edges. Sheet and 
roll-film originals should be kept in the transparent 
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sleeves destgned for storage purposes. If much 
handling is required, tt mjght be wise to make duplicate 
negatives and keep the original master on file. 

Archival Storage., Valuable documentary film 
records that are to be preserved indefinitely should be 
stored in carefully controlled conditions rather than 
makeshift arrangement The storage vault or record 
room should be carefully constructed. Proper 
insulation and air conditioning facilities should 
maintain the relative humidity between 40 to 501 
percent and the temperature between 60° to 80° 
Low temperature favors preservation, but if the 
storage space is below the dew point of the outside air. 
the records must be allowed to warm up in a closed 
container before they are used or a condensation of 
moisture will result. 

The air should be fihered to remove dust, cleaned of 
reactive gases where necessary, and circulated under 
slight positive pressure. Sufficient fresh air should be 
Supplied to prov ide for personnel working in the room. 
Atmospheric contaminants, such as paint fumes, 
hydrogen sulfide, sulfur dioxide, and similar gases, 
may cause slow deterioration of film base and gradual 
fading of the photographic image. The removal of such 
gases from the air requires special consideration. 

Films should be stored in metal cabinets with 
adjustable shelves or drawers, depending on the filing 
requirements. The walls of the cabine^Tsfibuld have 
louvers or openings located to faciliuate the circulation 
of conditioned air through the cabinets. The cabinets 
should be spaced in the room so as to permit the free 
circulation of air around, them. 

The records should be protected ' from water 
damage, whether from leaks, fire sprinkler disc^rge. 
or flooding. Drains should be provided; these should 
have sufficient capacity to keep the water from 
sprinkler discharge from reaching a depth of 3 inches. 
The storage cuabinets should be raised so that the 
lowest shelf or drawer is at least 6 inches off the floor. 



and they should be constructed so that water cannot 
splash through the ventilating louvers onto the 
records. 

Checks of various films being stored should be made 
at regular intervals to insure that the precautions being 
taken are sufficient. Remember that every effort 
should be made to take care of the film, for the subjects 
in almost all cases cannot be photographed again. 



Exercises (425): 

1. What a-r^ three conditions that are likely to cause 
damage to film? 



2. For archival quality, film should be stored at what 
relative humiditv levels? 



3. High relative humidity can cause what kind of film 
problem? 



4. W<hy should storage cabinets be raised off the 
ground? 



5. Why should the air entering the storage area be 
filtered and cleaned? 



6. What should be done if there must be extensive 
handling of a particular sheet of film? 
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CHAPTER 4 



Black-and-White Sensitized Print Material 



BLACK-AND-WHITE prints make up the majority 
of general purpose photographs used in the Air Force. 
As shown in figure 4-1. the structure of print paper is 
simhar to that of film. The main differences are the 
paper base and the baryta and gelatin coating. The 
paper base is made from a very pure sulfite pulp stock 
and comes in three weights: light, single, and double 
weight. The baryta and gelatin coatihg acts as a filler to 
support the emulsion and aids in the reflecting ability 
of the paper. Just as you should have a thorough 
understanding of the films you use, you should be well 
aware of the different types of paper you will be 
printing on.- 

There are basically two broad categories ot blacK- 
and-white printing papers: graded and variable 
contrast. These two types are based on how image 
contrast is controlled. We shall first discuss graded 
papers and then move on to the variable-contrast type. 

4-1. Graded Papers 

In this section we shall discuss various 
characteristics of graded papers, including their 
sensitivity to light and contrast ranges. 

426, Identify different types of graded papers in regard 
to their sensitivity to light. 

Sensitivity of Graded Papers. Just as there are 
different film speeds, papers vary in their sensitivity to 
light. You should understand these differences, as they 
may have a bearing in your paper selection and 
printing method. Sensitivity can be an especially vital 
element in production printing when hundreds of 
prints have to be turned out in a short time. 

Just as with films, the type and color sensitivity of 
the silver halides used in the emulsion determines the 
light sensitivity of the paper, you are using. The 
following is a breakdown of the various types of graded 
papers in terms of their sensitivity. 

Silver chloride papers. Chloride papers have only 
silver chloride halides in the emulsion. This type of 
graded paper is sensitive to the untraviolet, violet, and 
the blue portion of the electromagnetic spectrum. The 
sensitivity decreases sharply beginning with the center 
' of the blue spectrum. Chloride papers are therefore 
comparatively slow, making them suitable for contact 
printing. Their low sensitivity permits handling under 
bright yellow (W ratten 00) safelights. 



NOTE: There are two basic printing techniques: 
'contact and projection. In contact printing the 
negative and paper are held together during exposure. 
This method produces a l-to-l image. In projection 
printing the negative is separated from the paper and 
✓the image is projected by an optical system. Projection 
printing permits different size images tb be produced. 
Both methods are discussed in Chapter 5 of this 

volume. el i ■ 

Silver Bromide papers. This type of paper emulsion 
usually contains only silver bromide although, 
occasional^, a trace of silver iodide is added. Bromide 
papers, the most sensitive of the printing materials, are 
100 to 1.000 times more sensitive to light than chloride 
papers. This tvpe of graded paper is mainly used for 
projection printing, due to the lower intensity of the 
printing light and the distance between the light source 
and the paper. 

The sensitivity of bromide paper is such tjjat even a 
very weak light source will fog it. Therefore, it should 
be handled under a yellow-green safelight such as the 
* Wratten OA. The lamp of the safelight should be no 
more than 15 watts at a distance of A X A feet. 

Fast chlorobromide papers. The emulsion of fast 
chlorobromide papers cpnsists of silver bromide and 
small amounts of silver chloride. This emulsion is nov 
quite as fast as the regular bromide emulsion, yet its 
sensitivity range is similar. Even though 
chlorobromide paper is used mainly for projection 
printing, it requires four times as much exposure as 
bromide paper. The Wratten OA safelight should be 
used. 



Exercises (426); 

1. Which type of graded paper is most sensitive to 
light? 



2. Which type of graded paper is least sensitive to 
light? 
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FILM STRUCTURE 



EMULSION 
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PAPER STRUCTURE 



EMULSION 





Figure 4-1. Cross-section of paper structure. 



3. Which graded paper is primarily suited for contact 
printing? 



4 A W ratten OA safelight should be used with which 
type(s) of graded papers? 



427. Identify various grades of paper in terms of their 
contrast ranges. 

Contrast of Graded Papers. The term "contrast" is 
used in the same manner for prints as it is for film. 
Contrast is the difference between the highlights and 
the shadows. A low-contrast print is dominated by 
gray tones, while a contrasty print is dominated by 
blacks and whites. A normal print should have a 
variety of tones ranging from white through black. 

Since a print is viewed by reflected light, the 
emulsion must be thin so that only a minimum amount 
of the incident light falling upon it is absorbed. Hence, 
there is much less concentration of silver compounds in 
printing emulsions than in film emulsions. As a result, 
the emulsion of photographic paper should be exp.osed 
normally and developed fully in order to obttfprche 
best print possible. 

Contrast, however, is not controlled by 
development. Instead, your choice of printing papers, 
which are supplied with a variety of inherent contrasts, 
is the significant factor. It is not always possible to 
produce negatives that are exactly normal in contrast. 
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Consequently, variations in printing materials/ are 
made to compensate for those negatives that art not 
normal and to produce the best print possiWeTThese 
materials are made with several different^ types of 
emulsions and each type is adaptable to a negative of a 
certain contrast. All of these emulsions are designed to 
record approximately the full range of tones in the 
negative and yet maintain a pleasing tonal contrast. 

Contrast Grades. Most papers are made in several 
contrast grades. This range of contrast is essential for 
the photographer, who wants to produce the best 
possible print from any type of negative— that is, from 
soft (low contrast) to hard (high contrast). Each 
manufacturer of printing paper has classified the 
range of contrasts according to its standards. Therfore, 
the contrast of a particular grade number and 
description may not agree with that of another 
carrying the same identifier. (Paper from the same 
manufacturer may also vary from one emulsioa batch 
to another and performance may also change with 
age.) Papers that are currently available conform, in a 
broad sense, to the following scale: 

* No 0 .Extra soft -Normal prints from very contrasty 
negatives, very flat prints from normal and soft 
negatives; designed for contact printing. 

.^o. I Soft— Normal prints from contrasty negatives; 

flat prints from normal and soft negatives. ' 

No. 2 Normal— Normal prints from normal negatives, 

soft prints from low-contrast negatives, contrasty 
prints from contrasty negatives. 

No. 3 Moderately high contrast— Normal prints from 

slightly soft negatives; contrasty prints from 
normal negatives. 
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No. 4 



No, 5 



* No 6 ... 



. . High contrast - Normal prints from low-contrast 
negatives, contrasty prints from normal 
negatives. 

. . Very high contrast— Normal prints from very soft 
negatives; very contrasty prints from normal 
negatives! ^ 
.Extremely high contrast^ Normal prints from 
extremely flat negatives: ultra-high-contrast 
prints from normal and contrasty negatives. 



*GradttO 5. and 6arrno(normaUyaviiUbkthroujhrtjular military jupplycKuirKU 

/ 

Control of Contrast. The^egree of contrast control 
that can be exercised during printing by 
exposure development combinations is very small. 
(An exception are monocontrast portrait papers that 
are very sensitive to differences in processing.) 
Consequently, it is most important to use the correct 
grade of paper as the contrast control. The wide range 
of contrasts available is difficult to appreciate without 
studying actual comparison prints. Hence, during your 
joining, you should produce a series of prints from a 
normal negative, each one on a different grade of 
paper. Your tests then can be extended to negatives 
having a variety of contrasts. These tests will show you 
the effect of increasing or decreasing original negative 
contrast during printing by the selection of the 
appropriate paper grade. By this experience, you will 
gain an understanding of ^hat you can achieve when 
given a particular negative to print. 

Exercises (427): 

I . State the contrast produced by each of the following 
paper grades: I, 3, and 5. 



2. What contrast grade gives you "normal contrast 
from a normal print? 



3. What is the best way to control contrast in prints? 



4-2. Variable-Contrast Papers 

Instead of stocking a number of different contrast 
grades, many Air Force photo labs today prefer to use 
a type of paper that has variable contrast. These papers 
haVe one emulsion made up of halides having different 
inherent contrasts that can be controlled. In this 
section, we shall discuss the characteristics of this type 
of paper. 

428. Describe the color sensitivity of v ariable-contrast 
paper. 

Variable-Emulsion Sensitivity. A variable-contrast 
paper emulsion consists of combinations of halides 



that are sensitive to either yellow-green light or blue- 
violet light. The yellow-green sensitive halides control 
low contrast, while the blue-violet ones control high 
contrast. The particular degree of contrast is obtained 
by inserting an appropriate filter between the printing 
light source and t)ie paper. The filter controls the color 
of light thai reaches the printiftg\paper, thereby 
controlling contrast. * 

By using only one type of paper and. a set of filters, 
you can produce finer gradations of contrast than is 
possible with graded papers. Additionally, you can 
control contrast- of localized sectioris of the printed 
image. This can be done by dodging (holding back the 
light from) all but a particular part of the print when 
the appropriate filter is in place. Then proceed to 
dodge the just printed portion when another filter is 
being used. For example, the low-contrast portion of 
an image could be improved by printing with blue- 
violet light, while the harsh part could be softened by 
printing with yellow-green light. 



/ 



Exercises (428): 

1. Halides in variable-contrast paper are sensitive to 
what colors*«of light? 



2. What tool js used to control the color of light 
exposing the variable-contrast paper? 



429. Identify the appropriate printing filter to achieve 
a desired print contrast. 

Variable-contrast emulsions are so designed that 
within a single emulsion you have available varying 
degrees of inherent contrast. This inherent contrast is 
controlled by the color of light used to expose the print 
material. The color of light is, in turn, controlled by the 
use of filters. 

Printing Filters. Each photographic paper 
manufacturer produces different types of variable- 
contrast papers and an appropriate set of filters. For 
example, Kodak manufactures five variable-contrast 
papers—Poly contrast, Polycontrast rapid, 
Polycontrast rapid RC (resin-coated), Ektamatic SC, 
and Portralure (these papers vary in tone, speed, and 
surfaces, etc.) — and seven filters. The seven filters are 
numbered from 1 through 4 in increments of 1/2 and 
progressively change in color from a light yellow(l)to 
a dark magenta (4). Yellow filters are used to produce 
low contrast because they absorb blue light and 
transmit green (and red). The magenta filters produce 
high contrast because they absorb green and transmit 
blue (and red). (The paper is not sensitive to red.) Using 
a^lmmber 2 filter or not using any filter will produce 
normal contrast. Filters are usually made out of plastic 
or acetate and can be used in contact or projection 
printing. 



37 



ERLC 



215 



After >ou have selected a suitable variable-contrast 
paper (for example, Polycontrast) for your printing, 
you must evaluate the contrast of s your negative. A 
high-contrast negative may require the use of a low- 
contrast filter, while a low-contrast negative ma> 
require a high-contrast filter. If the negative is normal, 
you can use either a number 2 filter or no filter at all. 
For example, if your negative were slightly low- 
contrast, you would cjhoose a number 3 filter. (If you 
treat the Kodak filter numbers as, "paper grades," you 
will have no troi^e in choosing the appropriate filter. 
Other filter sets may require different selection 
standards.) 

In terms of safelights, the Wratten OA filter (yellow- 
green), which is "safe" for graded-contrast paper, 
cannot be used with variable-contrast paper Since the 
paper is sensitive to .green, using the OA safelight 
would fog it. The safelight filters recommended for 
variable-contrast papers are the DuPont S-55X 
(orange-brown) or the Wratten OC (amber). 

Printing filters should be treated with the same care 
as filters used over a camera lens. A dirty, scratched, or 
faded printing filter will not do the job. 

Exercises (429): 

I. Which Kodak printing filter should you use to 
achieve normal contrast when given each one of the 
following types of negatives? 



a. Normal negative. 



b. Very-low-contrast negative. 



c. High-contrast negatjve. 



1 What is the range o£ Kodak filters for variable- 
contrast papers? 



variety of surfaces, thus permitting the selection of a 
surface that contributes the most to the purpose for 
which the print is intended. In this section we shall 
cover a few basic surface typ^s >ou can choose from. 
The information can be applied to both variable- 
contrast and graded papers. 



430. Define the term "paper surface" and briefly 
explain why surface selection is important in 
producing prints. 

The wide variety of paper surfaces available makes 
possible the careful selection of a surface that 
contributes to the overall visual effect of a print. The 
surface characteristics of a paper are no less important 
than tint or tone in producing a print that accurately 
portrays the subject. (When we speak of tint, we are 
referring to the range of colors ofthe print paperstock. 
The tint may range from a white to a cream, etc. Image 
tone refers to the developed image color, which may 
run from blue-black to brown, etc.) The term "surface" 
refers to the finish and texture of the paper. 

The paper's surface influences the amount of light 
that is reflected from the print. Textures are generally 
identified as smooth, fine-grained, or rough. There are 
also specialized surfaces that resemble silk or suede. 
Many of these special surfaced papers can be ordered 
from-thc^fQeral Supply Catalog, Class 6750. (Paper 
manufacturers provide paper samplers so that you can 
see the effect of their different types of papers.) Finish, 
or brilliance, refers to the shininess of the print, as 
distinguished from its texture. For example, smooth- 
\ textured papers are made in both glossy and matte 
finishes. 

An extremely smooth surface, with regard to both 
finish and texture, looks bright because it reflects most 
of the light falling on it. The maximum detail is 
therefore revealed. A dull textured surface, as is found 
with matte and some semimatte papers, scatters the 
light and obscures detail. This scattering hot oply dims 
the highlights but also makes the black or dark 
portions^ a print look grayish. However, $uch a result 
is less harsh and may add a mood to a picture in which 
detail is not critical as in scenics or portraiture. 



Exercises (430): 

1. What is a paper's "surface"? 

2. Why is it important to match the paper's surface 
with the image? 

4*3. Surfaces of Papers 

The final effect of a print depends to a great degree 
upon the surface of the paper on which it is printed. 
For this reason, papers are manufactured with a wide 
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3. Why should you avoid using a safelight with a 
• Wratten OA filter when producing prints on 
variable-contrast paper? 
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431. Distinguish between different types of paper 
surfaces. " > 

You will develop taste and judgment in the selection 
of the appropriate paper through experience. You 
should start by studying paper samplers put out by the 
leading manufacturers. After you have an idea of what 
is available, follow up by printing a suitable negative . 
on a couple of different surfaces to see the effect that 
each surface has on the resulting print. 

The more common finishes are glossy, high luster, 
Juster, 'semimatte. and matte. We shall limit our 
discussion here to glossy, semimatte, and matte. 

Glossy. The sheen of a particular surface is 
dependent uppn how it reflects the light striking it. 
Practically all of the light is reflected from a glossy 
surface. This great amount of reflected light gives 
maximum detail and brilliance, which are required in 
many Air Force photographs A very high gloss, 
needed for pictures to be reproduced in a base 
newspaper or other publications (such as this CDC), 
can be obtained by placing a wet glossy print face down 
onto a chrome sheet and allowing it to dry. However, 
to achieve the maximum gloss that the paper surface 
will produce, you must follow the manufacturer's 
directions. For example, certain papers must be 
ferrotyped (dried with the emulsion in contact with 
highly polished surface), while the new resin-coated 
papers will air dry to a high gloss. 

Semimatte. Semimatte papers have a smooth 
surface with little texturing. This type of paper dries to 
a semigloss or flat finish. Semimatte papers are 
suitable for portrait work and other subjects where 
maximum detail and contrast are not required. 

Matte. The reflected light from matte surfaces is 
almost completely diffused. These softer, less glaring 
surfaces are preferred by most photographers for 
pictorials, portraits; landscapes, and other views not 
requiring a great deal of detail and brilliance. The 
smooth paper bases have no pattern. The rougher 
bases have a noticeable texture that may vary from a 
slightly pebbled effect to a fabric-like texture 
resembling linen or a very rough tweed. Smooth papers 
are recommended for small prints that require good 
definition and detail rendition. The rougher\irfaces 
subdue fine detail in proportion to the degree of 
roughness and are useful for prints that do not depend 
.upon detail for interest. 

Exercises (431): 

Match each description in column A with the 
appropriate paper surface listed in column B. 



Column A 

_J. Has greatest variety of 

K .surfaces. 
2 Gives maximum 

brilliance. 
J. Has semigloss or flat 

finish. 



Column B 



a. Glossy. 

b. Semimatte. 
c Matte. 



Column A 

„ 4. Is used for pict ures to be 

reproduced in 
publications. 

5 Is suitable lor a nonglar- 

tng landscape in which 
detail is to be subdued 

6 Has a smooth surface 

with little texturing and 
is suitable for portrait 
work. 

t 7 Gi\es maximum detail 



4-4. Storage and Preservation of Papers 

Photographic papers are perishable and deteriorate 
with age. They must be protected primarily from the 
injurious effects of heat and moisture, as well as frorri 
harmful gases and from physical damage. Inadequate 
protection in storage causes increased fog, inferior 
tone reproduction, and a loss of emulsion sensitivity, 
as well as such physical defects ' as shrinkage, 
distortion, and bnttleness. 

432. Complete statements regarding procedures for 
the proper storage and preservatti((rof photographic 
paper. 

Manufacturers package Itheir products either for 
domestic use or for export. Materials intended for 
export,, or for use \\heiuWgh relative humidity is 
prevalent, are packaged in moisture-proof containers 
Packaging for export is so labeled on individual units 
as well as on the shipping cartons. Materials intended 
for normal domestic use may be packaged in moisture- 
resistant, but not in watertight or vaportight. 
Containers. You should assume that an unlabeled 
package is intended for domestic use. and you should 
handle it accordingly. Do not keep sensitized papers 
under refrigeration once the sealed package has been 
broken, unless the refrigeration once the sealed 
package has been broken, unless the refrigerator can be 
held at 50 to 60 percent relative humidity. 

Store individual packages of paper on end so that 
the weight of the contents ts on the edges of the paper. 
Also, store material with the earliest expiration date to 
the front of the stack— this procedure enables you to 
use the oldest material first. However, when it is known 
that the paper that is due to be used next (according to 
the earliest expiration date) has been shipped or stored 
under unfavorable conditions, you should set this 
material aside and use fresh material for any highly 
critical project you have to print. 

Paper removed from cold storage areas must be 
adjusted to room temperature over a period of at least 
,8 hours prior to use; longer times are required for 
warmup if the packages are stacked. 

Processed prints require the same careful protection 
that processed negatives should receive. Moisture, 
light, heat, chemical fumes, and careless handling can 
cause permanent damage. Prints should be carefully 
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filed in manila envelopes that are kept in appropriate 
storage vaults in an air-conditioned room. The relative 
humidity should be kept between 40 to 50 percent and 
the temperature near 70° F. 



3. Paper removed from storage needs to be adjusted to 

room temperature over a period of hours « 

prior to use. 



Exercises £432): 

Complete the following statements on the storage and 
preservation of photographic paper. 

1. Packages of paper should be stored so that the 
weight of the contents is on the L of the paper. 



4. Processed paper needs to be protected from 
— , , , , and 



2. Older paper should be stored towards the. 
the stack. 



.of 5. Prints shoujd be stored in a room having a 
temperature near , 



\ 
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CHAPTER 5 
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Black-and-White Emulsion Printing 



THE QUALITY of a print can be varied by the choice 
of^nnung material, exposure, and processing. 
^gfecaV many of the deficiencies that may exist in the 
negativV^an be corrected in the prim, it is important 
that vou nave a good working knowledge of -all the 
materials and procedures necessary to produce good 
quality prints. 

5-1. Selecting Print Materials 

Whe n you are producing either contact or projection 
prints, it is important to select the appropriate paper 
for the type of negative vou have .to work with. The 
points you should consider in selection are the 7 topic of 
this section. 

433. State some of the principles to follow in the 
selection of print paper. 

Your choice of print paper should* be based on- (I) 
the intended purpose of the photograph; (2) the quality 
of your negative and (3) the results of paper and 
negative coronations. Let usdiscuss each onrof these 
in turn. 

The Intended Purpose of the Photograph. In 
Chapter 4, we discussed the different types of print 
surfaces and how they are selected in relation to the 
finM product. We want to emphasize again (hat if you 
are producing prints that require a lot of detail choose 
& paper that reflects the greatest amount. Glossy 
papers -are ideal for this purpose. If detail is not 
important, then use one of the matte papers You wffl 
have a wide choice of textures to choose from. The 
basic point is that the 0aper surface must enhance the 
image in relation to the mission requirement 

Along with the type of surftcortbe print tone is also 
important Certain papers produce a blue-black tone, 
while others may produce a brownish color. Mission 
' requirements may call for a certain type of print tone. 
The use of a paper sampler can help you choose the 
right surface/ tone combination to meet your 
•requirements. V 

The GtoUity oftf our Netative.Tbe negatives you are 
going to prt»UD2y vary in contrtbU density, image 
(focus and composition), and physical quahty<e.g., the 
presence of 'scratches). The contrast of your ¥*p tiv * 
may require you to choose .an appropriate grade of 
paper or contrast filter. If the negative is ver# dense, 
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you may have to choos 
reasonabloshort printin 
howevcr, r iseBi 



a '"fast" paper to have 

r „ times. A thin negative, 

no we v C . . » vJfer to r print on a slow paper. Poor image 
or physical quality may fequire you to use a paper with 
dramatic texture or tone-ttr-daemphasize certain 

df The Test Results of Paper and Negative 
Combinations. With normal negatives, pruning on 
normal paper is easy. But what happens when you 
don't have normal negatives, or when you must 
produce a print having high or low contrast? The 
answer is you must make test strips. Selecting the 
appropriate paper grade then is the result of evaluation 
of your test strips. 

To make a test strip, you must first cut up a sheet of 
print paper into strips. Then choose an area ^of the 
negative that includes the important highlights, 
shadows, and representative midtones of the subject. 
Expose each sheet for a different amount of tune, 
noting this time period on the back of the strip. Process 
each strip 14 the same manner. Evaluate the strips for 
density and contrast, choosing the appropriate 
exposure and contrast grate. Then make a full print 
(Test strip procedures will be d iscussed in greater detail 
later in this chapter.) 

Exercises {433): 1 «- 

Complete the following statements related to selecting 

print materials. • . 

1 . The of the photograph is a factor in selecting 

* a paper with the appropriate surface and 



2. The , of your negative may require you to use 

a paper with dramatic or tone. 



3. The use of 
appropriate 



contrast 
abnormal negatives. 



will help you select the 

grade when you have 
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5-2. Contact Printing 

A portion of your printing requirements can be 
satisfied by contact printing. Usually, when making a 
print the same size as the negative, you use a contact 
printer. Contact printers arc ideal for making 
transparencies and proof sheets (a proof sheet is a print 
of all of the images on a roll of film). The EN-22A 
contact printer covered in this section is a manually 
operated i)Jpc that you are likely to .be using. 



434. Complete statements describing a mtnual 
contact printer. 

Contact Printers. Most manual contact priAw* 
used by the Air Force are quite elaborate in their 
design. Some have a pneumatic (air-filled) bag platen, 
and others use a vacuum platen to insure contact 
between the negative and the sensitized material. In 
some printers, a hand-operated switch automatically 
turns on the exposing lights when the pteten is brought 
into position and locked. 

The lamps in contact printers are usually high- 
actinic argon lamps for graded papers and 
incandescent lamps for variable-contrast papers. 
Depending on design, you may find well over 176 
lamps in a single printer. Normally, each lamp is 
connected to an individual switch so that vanous 
lamps, or lamp combinations, can be turned on or off 
at will. In addition to the exposing lights, contact 
printers are equipped with safelights and vtfnte 
(viewing) lights. 

Automatic timers are even built into some printers. 
These timers can be set to give any desired exposure, 
from a fraction of a second up to several minutes. Most 
printers are equipped with sheets of diffusing glass 
located between the lights and the negative. Thests. 
sheets contribute to a diffused, even illumination ov^r 
the entire surface of the negative when all lights are 
turned on 



a. One clear printing glass. (You can use your own 
individually cut masks taped to the glass.) 

b. One mask for 9 x 9-ihch negatives. 

c. One mask for 9 x 18-inch negatives. 

Exercises (434): 

Complete the following statements on the description 
of contact printers. 

1. The negative^nd the paper are held down by the 



Photographic Contact Printer, EN-22A. The 
EN-22A. shown in figure 5-1. is a self-contained 
printer that accommodates negatives up to 10 x 20 
inches, and aerial roll film, supported bv brackets, up 
to 9n inches in width and 500 feet in length. It has 73 3- 
watt incandescent printing lights. Each light can be 
individually controlled, and there are pattern switches 
that control groups of lights. This exact control of 
lighting permits dodging and burning in of the image. 
There is aLso a built-in filter roH for variable-contrast 
paper At each end of the filter roll, there is a section of 
clear acetate, whidh is used for priming on graded 
paper. 

A sheet of diffusion glass is located directly above 
the lamps to give diffused, even illumination. Above 
the diffusion glass is a thick sheet of plate glass on 
which thTe negative is placed. Additionally three other 
different typesjfr printing glass are provided. These 



are: 



2. Precise exposure is available in most contact 
^^printers by the control of , ^ 



3. The EN-22A can handle roll film negatives up to 
inches in width. 



I 

4. A roll . 
paper. 



5 A sheet of . 
illumination. 



. is used for printing variable-contrast 



glass is used to provide even 



435. Explain techniques and procedures related to 
contact printing. 

^ When examined under room lighting, a negative has 
a shiny side and a dull side. The shiny side is the film 
base; the dull side is the emulsion layer containing the 
silver image. A similar examination of photographic 
paper shows thai the paper has a slight curl toward the 
emulsion andMteiculariy with glossy paper, the 
emulsion sidtfl^HU more light. 

To pr^urcrcoritact prints, the dull side of the 
negative /fiust ^e in contact with the shiny side of the 
paper, that is. they must be emulsion toemulsion. If the 
negative base is inrontact with the paper emulsion, the 
photograph will be reversed from side to side. In some 
cases, such a reversal in the print is not readily evident, 
but it becomes strikingly so if there are letters or 
numbers in the picture area. 

The exposing light must pass through the negative 
first. Therefore, in a contact printer, the exposing 
lights are directed upward. The negative is placed on 
the glass with the emulsion side ifp, and the pafter is 
laid emulsion skje down on top of the negative. Then 
the lid of the primer box is lowered to press the 
negative and paper together. (NOTE. To prevent 
slippage, it may be necessary to tape the negative to the 
glass. This technique is particularly useful when a large 
number of prints have to be produced. Later in the 
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figure 5-1 Photographic contact printer EV-22A 



chapter, we shall refer to this glass when we discuss the 
use of masks.) 

Earlier we mentioned that contact printing is used to 
produce proof sheets, A proof sheet is made by 
printing strips of roll film negatives (35mm, 120, etc.) 
or individual sheets of cut film on one 8x10 sheet. A 
single exposure is given for all of the negatives. Efecause 
this it often a compromise exposure, some negatives 
will produce poor images. These negatfves are 
separately grouped according to contrast and density; 
then they are reprinted. Proof sheets are excellent for 
record keeping and selection of negatives to meet 
mission requirements. 

Remember that the purpose of contact printing is to 
•produce one-to-one image-size prints that rqjroduce 
the original scene from the negative as accurately as 
possible. 

Exercises (435): 

I. How should the negative and the print paper be 
placed on the contact printer for printing? 



How can >ou determine which side of photographic 
paper is the emulsion side? 



3. In contact pnnti ng, how should the size of the image 
in the negative compare with the size of the image in* 
the print? 



4. How should youjnake a proof sheet? 

* 

5-3. Projection Printing 

• Projection printing differs from contact printing in 
that the negative is separated from the sensitized paper. 
The image on the negative is projected by means of 
incandescent light and an optical system- onto the 
sensitized paper. By altering the negative-tojlens 
distance and the lens-to-paperdistance, it is possible to 
reduce, maintain, or enlarge the image size. Because 
most projection prints are made at ari enlarged scale, it 
has become common to refer to projection prints as 
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enlargements and to call a projection printer an 
enlarger The preferred terminology is projection 
printer, since the capability of reduction is present. 

Today the skill of making prints by projection has 
become as necessar) to the photographic technician as 
the making of contact prints. This situation has come 
about becai% projection printing offers many 
advantages over contact printing. Th6main advantage 
of projection printing is that the size of the prints can 
be regulated irrespective of the size of the negatives. 
Other advantages are the ability to improve 
perspective, the ease of dodging, the larger choice of 
projection papers, and the manv and varied special 
effects that can be obtained. 

436. State some of the characteristics of projection 
printers. 

Manually Operated Projection Printers. In general, 
all projection printers are quite similar in design and 
operation They consist of an inclosed light source, 
some method of obtaining an even distribution of light 
over the negative, a negative carrier, a lens, a means of 
adjusting lens-to-negative and lens-to-paper distances, 
and an easel for holding the sensitized paper. It is 
necessary to have some way of changing^he lens-to- 
negative distance for focusing and l&ns-to-ea&l 
distance for different degrees of enlargement or 
reduction. The degree of enlargement or reduction of 
an image is usually measured in terms of diameters As 
an example, a two-diameter enlargement is twice the 
length and twice the width of the negative image (four 
times the area); and a three-diameter print is three 
times the length and width of the negative image (nine 
times the area). 

Most projection printers have a tungsten lamp as a 
light source. The lamp is inclosed in a light-tight 
housing, which is ventilated to prevent excessive lamp 
heat from damaging the negative Some projectors 
have blowers 'o circulate air and cool theiQside of the 
lamp housing. 

The negative carriers used in the projection printers 
may be either a dustless type or a glass-sandwich type. 
The dustless-type carrier consists of two metal plates 
with an opening in th^ center large enough to 
accommodate the negative. The negative is placed 
between these plates and is held in position by its edges. 
This type of carrier is satisfactory for negatives 4x5 
inches in size or smaller, since these negatives have 
sufficient rigidity to remain flat. The glass-sandwich 
type of carrier consists of a holder with two sheets of 
glass, between which the negative is placed. A holder of 
this type is necessary for larger negatives, since they 
have a tendency to sag in the center if they are used in 
the dustless carriers. 

The lens used in the enlarger should be free from 
optical defects and have an angle of field large enough 
to cover the negative being printed. A lens with a focal 
length approximately equal to the diagonal of the 
largest negative to be printed provides a sufficient 
angle of field. 



The bellows of the projection printer should be 
capable of extending to at least twice the focal length of 
the lens. This amoitfu of bellows extension is necessary 
for the production of 1.1 (same size) reproductions. 
Although it is possible to make reduction to anv 
desired size, the bellows on most projection printers 
cannot be extended far enough to make image smaller 
than 1.1. Smaller reduction may be accomplished by 
substituting a lens of longer focal length. 

The methods used to distribute the light evenlv over 
the negative divide projection pnmers into two genera^ 
types— the condenser type and ihi diffusion tvpe. 

Condenser-type projection primer. The condenser- 
type projection printer, shown in figure 5-2, has a set of 
condensing lenses between printer light source and the 
negative. The condensing lenses concentrate or focus 
the light in such a manner that the rays pass straight 
throtjgh the negative to the projection lens. A 
projection printer with this type of light source 
reproduces the maximum amount of detail in the print. 
For this reason, negative defects such as surface 
scratches very often become apparent on the print. The 
condenser-type projection printer projects an image 
that is more contrasty than that projected by a 
diffusion-type printer. 

Diffusion-type projection primer, The diffusion- 
type projection printer, shown in figure 5-3, has a 
diffusion medium between the light source and the 
negative. Light emitted from the, lamp, as well as that 
reflected from the reflector, strikes the diffuser, which, 
in turn, scatters it in all directions. Thus when the light 
reaches the negative, it is traveling in no specific 
direction but in many directions. 

The effect of using diffused illumination is that 
minor negative defects are not clearly recorded in the 
print. There is a general softening of, the image 
sharpness, which is accompanied by a reduction in 
image contrast. Diffusion-type printing is favored in 
portraiture and scenic-type work. However, the 
overwhelming majority of your Air Force printing will 
be done on condenser-type enlargers. 

Exercises (436): 

Complete the following statements regarding 
projection printers. 

1 . Fine focusing is primarily controlled by the 

distance. 



2. The degree of enlargement is in terms of 



3. Negative carriers are either. 



.or. 



.types. 
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Figure 5-2 Condenser-type projection printer 



the type of projection printer you will find in your base 
photo lab. It is a table-size unit us*d to make 
enlargements of photographic negatives running from 
35mm through 4 x 5 inches. Three lenses are 
available: f , 3.5, 50mm (ideal for 35mm); t/4 5, 
100mm (120 or 70mm film) and f/4.5, 150mm (4 x 5). 
The printer consists of 11 major assemblies. These 
units are the baseboard, easel filter wheel, lens, lens 
cone, lens cup, negative carrier, condenser, 
lamphouse. carrier, and girder assemblies. Let's take a 
"closer look at a few of these assemblies. 

Filter wheel assembly. The filter wheel assembly, 
mounted just below the lens, consists of a ced^afelight 
filter, five variable-contrast filters, and a clear position, 
all of which are sandwiched between two plates. A 
knurled nut and a post provide the means for attaching 
' the filter wheel assembly to the bracket of the lens cone. 

Negative carrier assembly. Eight negative carrier 
assemblies are supplied with the EN-52B printer. 
Spool-type negative carriers are provided for 70mm 
(glass) and 5-inch aerial roll films. Four glassless 
carriers, one each for 35mm single frame, 35mm 
double frame, 70mm, and 120 size, and two glass-type 
carriers for 2V* x 3Vi and 4 x 5 inches are also supplied. 
Each negative carrier consists of a bottom plate and a 
top plate with a spring-type hinge. The springs serve to 
connect the top and bottom plates and to hold the 
negative carrier open when the condenser assembly 
and lamphouse are lifted or when the negative carrier is 
removed from the carriage. 



4. The enlarging lens normally has a focal length equal 
to the of the negative. 



5. A lens with a focal length longer than the diagonal 

of the negative geing printed will project a 

imafce.- 



6 a -type enlarger will, project the more 

contrasty image. 



7. A 



; : enlarger is gopd for printing negatives 



that have defects. 



LAMP 



NEGATIVE 



LENS 



437 Complete statements reprding the description 
and operation of the EN-52B projection printer, 

Characteristics of the EN«j52B Projection Printer. 
The EN-52B projection printer shcyvn in figure 5-4, is 
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Figure Projection Printer, T>pe EN-52B. 

Condenser assembly. Two condenser assemblies are 
provided with the equipment One assembly includes a 
pair of d'/i-inch-diameter plano-convex lenses, each 
having a focal length of 9 inches. The other assembly 
includes a pair of 5-inch-diameter plano-convex lenses, 
each having a focal length of 7 inches. The lenses are 
mounted in a housing with a separator between them. 
The 6 ! A-inch-diameter condenser assembly is used with 
the 4^-inch lens cone. Use the 5-inch-diameter 
condenser assembly with the 2-inch-high lens cup. 

Operating the EN-52B Projection Printer. To 
operate the ^projection printer, proceed as follows: 

(1) Check the movable condenser element to see 
that it is properly positioned in the lamphouse 
assembly. Set the cam follower wheel on the cam so 
that it is matched with the proper lens. 

(2) Select a negative carrier of the appropriate size 
for the negative being printed, raise the lamphouse 
assembly, and install the negative carrier on the film 
stage. ^ ^ 

(3) Insert the negative with the emulsion (dull) side 
down on the bottom plate of the carrier. For rollfilm, 



insert the film in the left bracket assembly of the spool- 
type carrier, thread and attach it to the empty spool in 
the right b racket assembly, and rotate the crank handle 
of the right bracket assembly to bring the desired 
negative into position. 

(4) Lower the lamphouse assembly. 

( 5) Set the vari^le-contrast fil ter turret assembly so 
that the blank opening is below the lens. Set the lens 
aperture wide-open by turning the diaphragm control 
counterclockwise. Turn on and set your timer, which is 
plugged into the enlarger. on focus 

(6) Place a sheet- of white paper in the projection 
printing easel, loosen the brake knob, and raise the 
carriage assembK to the highest position by turning the 
handwheei knob. Focus by making adjustments with 
the focusing knob until a sharp image is obtained. 
Adjust the projection printing easel by using the 
margin control knobs to set each of the masking blade 
arms. The margin-width markings on the masking 
blade arms must line up to the dimension of the 
photographic paper being used. 

NOTE: After a sharp image has been obtained, 
subsequent raising or lowering of the carriage 
assembly to vary the size of the desired enlargements 
does not affect the sharpness of the image. 

(7) Lower the carriage assembly by turning the 
handwheei knob until the desired enlargement size is 
projected on the white paper in the projection printing 
easel. Tighten the carriage brake knob. CAUTION: To 
avoid damage to the carriage gears, always loosen the 
brake knob before turning the handwheei kndb. 

(8) Set the diaphragm ring to the desired f/stbp. 

(9) Ppsition the easel to insure that the desired 
ag* is composed within Hhe area indicated by the 

maskrag blades. 

(10) \Turn your timer from focus to time. Replace 
Jhe'whie paper in the projection easel with a sheet of 

sitjAd paper. The sensitized^le must be up, with 
the top and left edges tight against the margin guides. 
Lower the hinged frame and make certain that the 
position of the easel is not distrubed. (NOTE: If 
variable-contrast paper is to be exposed, set the turret 
assembly to position the required filter below the lens.) 

(11) Make your exposure. (NOTE: The projection 
printer may be rotated on its base to permit the 
negative to be projected onto the floor or at an 
intermediate level in order that greater than normal 
enlargements can be made. To do this, hold the 
carriage and girder securely, loosen the three cap 
screws, and secure the three rotary clamping, pads. 
Rotate the girder 180° on the base and secure it in this 
position with the cap screws. Remember that before 
rotating the girder and carriage for projection to the 
floor, you must secure the baseboard to the table with 
C clamps to prevent the projection printer from 
overturning.) 

Exercises {437): 

Complete the following statements related to the 
description and operation of the EN-52B. 



I. When printing 120 film, you will normally use the 
mm lens. 



2. You can print up to a negative on the 

EN-52B. 



3. The filter wheel is particularly important when 
printing on paper. 



4. A carrier is supplied for 35mm film? 



5 To obtain maximum enlargement, it is necessary to 
the carriage and girder. 



438. Explain the techniques used in projection 
printing. 

The prerequisites for good projection prints are 
good negatives, a clean enlarger, the proper contrast 
grade of printing paper or variable-contrast paper and 
filter set. correct exposure, and careful processing and 
finishing. \s >ou can see. you must control a number 
of factors in order to achieve top-quality results 

Negative Selection. Although most any negative can 
be printed by projection, there are a few characteristics 
that are particularly desirable. A good negative has 
normal density and contrast. It is sharp and free from 
such defects' as scratches, abrasions, dust, and 
fingerprints. 

Your negatives should be handled carefully in order 
to prevent fingerprints and smudges that will degrade 
your image. Lint and dust panicles hold back the light 
during printing, and their shadows produce white 
spots- on the prints, which are very unattractive 
additions to any photograph. Therefore, both the 
negative and the negative carrier should be cleaned 
with a tuft of cbtton moistened in alcohol or film 
cleaner. If the negatives are properly processed and 
handled, however, they can usually be cleaned with a 
soft brush, lintless cloth, or air blasts from an aerosol 
can 4 

Printer and Easel Adjustments. Place the negative in 
the carrier so that the emulsion side is down toward the 
emulsion of the paper. Replace' the negative carrier in 
the projection printer and make sure that it is properly 
seated. 

Adjust the paper corner guide and the masking 
device on the easel to form the border width and print 
size needed. As an aid for composition and accurate 
focusing of the image, place a wheet of white paper in 



the printing position on the easel. The base side of a 
finished print serves hicely for this focusing aid. Then 
turn on the appropriate safelights and turn off the 
white lights. Turn on the printer light and open the lens 
to its maximum aperture. 

Focusing and arranging the composition of the 
projected image should be accomplished with the lens 
wide open. The brighter image is easier to see for 
accurate focusing. When you are ready to print, you 
should stop the lens down two or three stops for several 
reasons. First, almost all lenses project a sharper image 
when stopped dovvh^a couple of stops. Second, 
stopping down the lens causes a greater depth of focus, 
which provides a margin of safety for any slight errof in 
focusing. Finally, moderate printing times (e.g., 10 
seconds) permit dodging and burning in. 

Now take a moment and study the image carefully. 
(The picture is easier to compose if the scene is right 
side up. If it is upside down, either rotate the carrier or 
remove the carrier and reposition the negative.) Most 
printing papers are rectangular in shape; therefore, you 
should decide whether to use a vertical or horizontal 
format. In many cases, the manner in which the scene is 
composed (horizontally or vertically) on the negative is 
the controlling factor. Furthermore, most 
photographs can be improved by cropping. 

To bring the image to the desired size, raise or lower 
the printer head until the approximate size is reached. 
Then bring the image into sharp focus by changing the 
lens-to-film distance. However, because the size of the 
image will be changed slightly by fbcusing, the printer 
head should be readjusted. This readjustment ^ involves 
moving the enlarger head and then refocusing. This 
operation should be repeated until the desired size is 
reached and the image is in sharp focus. 

After the image is correctly composed and focused, 
the aperture of the lens should be closed down. Then 
turn off the printing light, remove the white focusing 
paper, and place the printing paper (emulsion side up) 
on the easel. You are now ready to expose and process 
your test stnps. 

Exercises (438): 

I. What problem will dust and,.,Uat cause on your 
print? How can the problem be reduced? 



2. How should the emulsion of the negative and the 
paper be arranged? 



3. For a given negative size, how is image size 
controlled in projection printing? 
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4. What two print formats can you normally choose 
from? 



5. In terms of composition, why is projection printing 
more dynamic than contact printing? 



vacuum or other means to hold the print flat.) Easels 
produce square edges and are not meant to be bent into 
other shapes. 



Exercises- (439): 
1. In contact printing,4he 



in projection printing, the 



.is masked; whereas 
— is masked. 



J 



5-4. Masking Bordtra 

The white borders seen on most photographic prints 
are made at the time the paper is exposed. The masking ' 
techniques necessary to insure white borders varies, 
depending on whether you are doing contact or 
projection printing. 

439. Describe materials and procedures related to 
printing masks. 

Contact Printing Masks. Many contact printers 
have part of the glass opaqued to form a mask. Thus 
the negative can simply be taped to the glass for 
printing. However, in most cases, a mask is 
constructed from four strips of opaque leader material. 
These strips are taped together at the corners to form a 
rectangular opening. As examples of the size of the 
opening, the mask may be constructed so that the 
opening is TA by 9 l A inches for 8x10 prints or 3 l A by. 
W/i inches for 4 x 5 prints. A cardboard guide, made to 
the proper size, can be used as an aid in adjusting the 
size of the opening and alignment of the individual 
strips that form the mask. The opening must be" a 
perfect rectangle with square interior edges. 

The mask is taped to the printed glass, the negative is 
raped to the mask, and the paper is placed on top of the 
negative. This procedure prevents light from reaching 
the edges of the paper, thereby leaving a white border. 
The conventional sizes jof masks mentioned above 
produce a 1 , 4-inch border. However, in addition to the 
. ! /4-i[ich border, masks may be constructed so that the 
border is of any desired size or even of a special shape. 
Masks with odd openings may be constructed for 
specialized purposes. You may want a circular border 
on a print, in which case the opening in the mask is 
round. Or, perhaps you desire an opening shaped like a 
keyhole or one imitating the effect of looking through a 
pair of binoculars. Unusual shapes may be effective in 
newspaper work. 

Projection Printing Masks. In projection printing, it 
* is the paper that is masked rather than the negative. An 
easel is used to keep the paper flat arid* to form a 
border. Easels come in a couple of basic designs. One 
type has a fixed frame for eaph size of print (8 x 10, 5 
x 7, 4 x 5, etc.). Such an easel is immediately ready for 
use and a piece of paper can be quickly inserted within 
the frame. Another common type has four maskirj 
strips that can be adjusted for any size of print o| 
border. This type of easel has a guide to hold the papej 
(There are also borderless, no- masking easels that i 



2. What type of material is used to make a contact 
printing mask? 



3. What are the two basic types of printing easels that 
produce borders? 



5-5. Exposure Controls 

Determining the correct exposure is as important in 
printing as it is when the photographer is exposing film 
in the camera. The basic formula, E = I XT, can be 
applied to printing. In this case, I represents the 
intensity of the printing light, and T represents the time 
the light is allowed to expose the paper. 

440. Explain proceduresUnd techniques related to the 
production of test strips. ■ 

The use of test strips is the best method to calculate 
exposure, whether you are contact or projection 
printing. Test strips are cut pieces of sensitized material 
that are each given different exposures. The strips are 
carefully processed and then compared under white 
lights. Using strips minimizes waste and insures better 
results. 

When making a test strip, you can apply the 
following procedures for either contact or projection 
printing. 

(1) Before exposing the test strip, choose the area of 
the negative or projected image that is to be used for 
the test strips. This area for the test should contain 
highlights, middle tones, and shadows. Each test strip 
should be made from the same part of the negative or 
projected image. Only in this way can one test be 
accurately compared with another strip. 
(Unfortunately, when making a projection printing 
test, too many technicians have been taught to use a 
full sheet of paper, which is th$n progressively 
uncovered. This procedure results in the full image 
being sectioned off into strips of different density. 
Thus, there is no way of comparing the strips, since 
each may represent widely different ranges of negative 
density and contrast.) 

(2) Cut a sheet of number 2 graded or variable- 
contrast paper into strips that are 2 inches wide. 

(3) Carry out a systematic method of exposing, 
using a number 2 filter for the variable-contrast paper. 
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For example, you can st§£t with 2 seconds in the case of 
a projection printer (keeping the aperture the same 
throughout), and double the time period each time. 
Another method is to expose each test with an equal 
' amount of increase. For example, 2 seconds could be 
added to each test Such a system would give exposures 
of 2, 4, 6, 8, 10, etc., seconds. The main pointis to be 
sure to bracket the correct exposure; that is, to go from 
underexposure to overexposure. (NOTE: Using a soft 
lead pencil, on the back of each strip, identify the 
exposure time used so that you can know the time that 
gave you your best result. 

(3) After you have exposed and labeled your strips, 
process them according to the manufacturers' 
directions for time, temperature, dilution strength, and 
method of agitation. 

(4) As soon as the test strips have been processed, 
carefully inspect them. By observingthe highlight area, 
determine the best exposure for the grade of paper or 
variable-contrast filter tested. The highlight areas 
should be slightly darker than the same paper with no 
exposure, and they should contain detail* Too little 
exposure is indicated when there is no detail in the 
highlights. Too much exposure is indicated when the 
highlight areas are much darker than unexposed 
material. If the highlights are not correct on any ofahe 
test strips, run a new series of tests (using the same 
grade of paper or filter), providing more or less 
exposure as indicated. 

(5) When the best exposure has been selected, 
decide whether the contrast is correct. Do this by 
examining the shadow area of the test strip that has the 
correct highlight exposure. If the shadow area of this 
test is too light, the paper (or filter) does not have 
sufficient contrast. Either a higher numbered graded 
paper or a higher contrast filter is needed. If the 
shadow area is too dark (i.e c ., the paper has too much 
contrast), a lower numbered graded paper or a lower 
contrast filter is needed. (Print contrast is discussed in 
more detail later in this chapter.) 

Remember to continue to make tests until you have 
finalized the correct exposure time and grade of paper 
(contrast filter.) It is cheaper to make a number of tests 
using test strips than it is to, go off blindly on a trial- 
and-crror basis with full sheets. 

Exercises (4*5): 

1. What is the purpose of making test strips? 



2. Why are test strips economical? 



3. Explain how to judge proper exposure by observing 
the highlight portions of a test strip. 



4. Explain how to judge proper contrast by observing 
the shadow portions of a test strip. 



44L Explain techniques used to control local 
exposure in printing. 

Local Exposure Control. Many exposures are made 
under less than ideal conditions and may result in wide 

Jariations of density in different areas of a single 
egative. That is, the exposure in one area of the 
negative is much greater or much less than in other 
areas of the negative. This characteristic is usuaUy 
caused by wide variations in subject tones or the 
reflective qualities of the subject. In effect, the negative 
has a greater range of densities than can be reproduced 
by the printing paper. As a result, you have a negative 
that is very difficult to print. If the print is exposed long 
enough to bring out the details in the highlight areas, 
the shadow areas become overexposed. Or, if you 
reduce the exposure to retain detail in the shadow 
areas, the highlights are underexposed and lack detail. 
Since the objective of Air Force photography is to 
produce an accurate, detailed representation of the 
subject, you must often use special printing controls. 
The two basic controls you will be using are dodging 
and burning-in. 

Dodging. Dodging is reducing exposure (density) in 
a particular area. The most common and the easiest 
method of contact-print dodging is through the control 
6f the individual lights under various parts of the 
negative. The switches controlling lights under the 
areas of the negative that print too dark are placed in 
the OFF position. The lights are left burning under the 
areas of the negative that have the greatest density; 
thus, these areas of the print get more exposure than 
the 'areas of the negative that are above the 
extinguished lamps. If turning the lights off for the 
entire exposure time lightens the area too much, they 
may be extinguished for only a portion of the total 
printing time. On the other hand, if turning the lights 
off for the total printing time does not hold the hght 
back enough, lamps surrounding the thin areas of the 
negative may have to be turned off in addition to those 
directly below the thin areas. 

bodging can be accomplished more easily and 
accurately in projection printing than in contact 
printing. As shown in figure 5-5, dodging may be done 
by manipulating your hands into various shapes. Or, as 
shown in figure 5-6, a dodging device can be made by 
attaching an opaque, properly shaped pieceof material 
to a wire handle. Since the dodging tool is held and 
manipulated in the beam of light from the lens, its 
location and coverage can be seen and controlled 
during the printing exposure. 

Dodging is generally necessary for only a part of the 
exposure time* When dodging, you should consider 
. how close the tool is placed to the lens. The closer the 
dodging tool is to the lens, the larger the shadow it casts 
and also the more blurred the shadow becomes. 
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Figure 5-5. Dodging procedure using the hand as a tool. 
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Conversely, the shadow will be smaller and sharper, 
the closer the tool is held to the paper. To prevent the 
formation of a dodging tool outline on the print, the 
dodging device must be moved up and down and from 
side to side slowly and constantly in order to blend the 
areas receiving various exposures. 

Burning- in. Burning-in adds exposure (density) to a 
local area of the print. Normally it is done after the 
basic exposure has been given to the entire print. In 
contact printing, the technique is little used but can be 
accomplished by turning off all the lights except those 
under the area to be burned in. 

In projection printing, burning-in is done by using a 
piece of cardboard slightly larger than the print; the 
cardboard has a hole in the center, which is smaller but 
approximately the same shape as the area to be 
exposed. Figure 5-7 shows a simple device in use. After 
the normal overall printing exposure has been made, 
the burning-in device is moved into position between 
the lens and the easel. The card 'holds back all of the 
light except that passing through the hole. If the 
burning-in tool is held high, the circle will be large with 
blurred edges, if the tool is held low, the hole will 
appear smaller and have sharper edges. During 
exposure, the device must be kept moving in order to 
prevent the formation of an outline of the tool on the 
print. 

Exercises (441): 

1. Briefly state the purpose of dodging. 



2. How do you dodge in contact printing? 



3. What is the purpose of burning-in a print? 



4. How do you burn in during projection printing? 



5. Why must. your dodging- or burning-in tool be 
constantly moved during exposure? 



5-6. Ton* and Contrast i _ 

Deciding on the appropriate tone and contrast of a 
print requires experience and judgment, since there are 
a variety of techniques and materials that are available. 
In this seciton we shall discuss a few points to help 
guide you in this area. 

441. Indicate various factors in determining the tone 
and contrast in prmts. 



ERLC 



3&/ 

Tone. The tone of the print primarily depends on the 
paper/ developer combination that is chosen. Many 
papers are cold and tones tend toward blue-blacks. 
Other papers are warm, with the tones rendered in, 
shades of brown. To achieve the appropriate tone, it is 
important to follow the paper manufacturer's 
recommendations for developer type and processing 
procedures. Another factor is correct exposure. 
Insufficient exposure renders the tones too light; too 
much exposure renders them too dark. (NOTE: As a 
print finishing technique, chemical toning can be done 
after the print has been processed in order to produce 
overall tints of many different colors. Toning will be 
discussed in Chapter 7.) / 

Contrast. Contrast is the difference between the 
highlights and the shadows. Your final print contrast 
depends primarily on the inherent contrast of the 
negative, the grade of paper or the filter and variable- 
contrast paper you have chosen, and the developer. 
Combining short exposure with longer development to 
produce high contrast or long exposure and short 
development to produce flatter prints is possible to a 
limited degree but is not generally recommended. 

Tips on Controlling Tone and Contrast. Consider 
the following points when deciding how the tone and 
contrast of your prints should be. 

a. Try to duplicate the tone and contrast of the 
original subject. If the values of the print reproduce 
those of the original subject, your print is likely to have 
the proper contrast. How much printing manipulation 
is necessary depends to a great degree on the negative. 
If the negative does not reoroduce the contrast of the 
original scene, it takes wreful selection of paper, 
developer, exposure and contrast control techniques 
(grade of paper, dodging, burning-in, etc.) to obtain 
the necessary results. 

b. Preserve detail in both the shadows and 
highlights. This preservation of detail is particularly 
important in Air Force photography because the final 
product is often needed primarily to provide a detailed 
rendering of the subject. If the negative is very 
contrasty, it may take a low-contrast paper, along with 
some burining-in, in order to get the detail. Of course, 
if there is no detail in the negative to begin with, there is 
no way to put it in the print. 

c. The picture must fulfill the mission requirements. 
The use of the final product is the key to deciding what 
to do. Is the print for the base newspaper where 
reproduction requirements may call for a less contrasty 
print? Is it for display on a wall where the impact on the 
people passing by is very important? (In such a case, 
you must consider the lighting in the room, the color of 
the walls, other pictures or decor, etc.) Is it being used 
in an accident investigation where maximum detail is 
vital? The variety of uses for the resulting print f 
necessitates your learning a number of techniques and 
being knowledgeable about all the materials in your 

lab's supply. Know what you can do with what you 
have. 
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Exercises (442): 

1. Define print tone. 



2. Define print contrast. 



Vj 



Polycontrast (Kodak) filter. The principles would 
apply to other makes of filters and to the application of 
intermediate values such as \ X A, 2Vi, or 3!^, etc.) 



3. Describe how the print is controlled by the choice of 
materials and techniques that are used. 



4. List three important factors in controlling print 
contrast. 



5. Why must you consider mission requirements as 
you carry out your printing work? 



443. Given a series of printing situations, choose the 
appropriate printing filter to achieve the required 
contrast, and state proper procedures related to the use 
of variable- .ontTast filters. 

Using Variable-Contrast Printing Filters. To meet 
their printing requirements, the majority of base photo 
laboratories are standardizing on variable-contrast 
paper rather than graded p/per. To control contrast 
with this type of paper, you must use variable-contrast 

filters. * 

As we mentioned when we were discussing print 
materials, variable-contrast papers have 
orthochromatic sensitivity. The blue-sensitive part of 
the emulsion controls high contrast and the green- 
sensitive part controls low contrast. By interposing the 
appropriate variable-contrast filter between the light 
source and the paper, the contrast can be controlled. 
Depending on the paper's manufacturer, there are sets 
of filters running from yellow (for low contrast) 
through dark magenta (for high contrast). 

When making your test strips to determine correct 
exposure, you need to also determine the contrast. You 
do this by examining the shadow area of the test strip 
that has the correct highlight exposure. If the shadow 
area of this test is too light, the paper does not have 
sufficient contrast. If the paper has insufficient 
contrast, a higher-numbered filter is needed.Uf the 
shadow area is too dark, the fraper has too much 
inherent contrast and a lower-numbered filter is 

needed. . 

Earlier (in Chapter 4) we presented a basic guide in 
determining the proper graded paper to use to achieve 
a desired amount of contrast. Now let us examine a 
similar basic guide in determining the correct filter io 
use. (The guide below is based on using a 1, 2, 3, or 4 



Filter 
No. I . 

No. 2 . 



Nc- } 
No. 4 



Results 

. . Soft— Normal prints from contrasty negatives: flat 

pnnts from normal and soft negatives. 
. . Normal— Norma^prmts from normal negatives; soft 

pnnts from low-contrast negatives; contrasty prints 

form contrasty negatives. 
. . Moierately high contrast— Normal prints from 

slightly soft negate s; contrasty pnnts from normal 
^aiegatives 

Migh contrast— N. <"mal prints from low-contrast 
negatives: contrasiy prints form normal negatives. 



Figure 5-8 shows a series of prints produced by using 
the above filters. 

When using variable-contrastiilters, you should 
remember a couple of poirrtj^ 7 

a. The filters are available in acetate rolls for 
contact printing or as individual filters for projection 
printing. 

b. When in use, the filters should be clean and in 
good order (not scratched). Like all filters, eventually 
the printing filters will fade and have to be replaced., 

c. When being used, the filter should lie flat to 
insure even exposure over the entire print. 

d. The densities of the filters axe indicated by the 
different numbers. For example, a No. 4 filter is darker 
than a number 3. This being the case, vyhen printing 
with a No. 4, your exposure times need to'be relatively 
longer It is a good idea, therefor*, to make additional 
test stiips when you change filters. 

e. Some contact printers commonly used by the Air 
Force are equipped with argpn exposing lamps. Since 
these lamps are very ricRJtttblue and ultraviolet (and 
vt-y limited in the green and red spectrum), they 
c mot be used for printing variable-contrast paper. It 
is possible to modify such a printer by installing white 
incandescent lamps. 

/ As we have previously discussed, dodging and 
burning-in can be effective In controlling local density. 
It is also possible to change filters to control local 
contrast. For example, it might be better to give the 
print an overall exposure with a number 2 filter and 
thenburn-inthe sky with the aid of a number 3 filter. It 
is a good idea to work from a full test print to 
determine the best approach. 

g. Study the manufacturer's directions that come 
with the paper so that you can use their filter/ paper 
combination to best effect. (As we indicated early in 
this volume, too many of us are guilty of throwing 
away the manufacturers ejections that come with our 
photo materials. By keeping them in a reference book, 
we could have a tremendous source of information that 
would save our time and materials.) ■ - 
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*\ Exercises (443): 

I. Determine the correct Polycontrast filter (U 2,3, or 
4) to be used in the following printing situations. 



a. You have been given a soft negative that must 
" Be primed to a high contrast. \ 

b. A contrasty negative must be printed to normal 
contrast. 

c. A normal negative must be printed to very high 
contrast. 

d. A low-contrast negative must be printed to 
normal contrast. 

e. A loWcqfttrast negative must be printed to low 
contrast. 



2. What t\pe of variable-contrast niters are used in 
contact printing? J % 



< 

3 Mow should filters be maintained for printing' 



What can't you use argon lighting in variable- 
coTKj^t^pnnting? ^ ' 



#5> 

5-7. Composition 

Composition rs the most visually effective way of 
arranging the various elements of the subject. When 
you make a print, the subject arrangement is set by the 
ngative; but how^much of the subject should be 
included and whether it should appear vertically or 
horuontally is up to you. In contact printing, you are 
limited to masking off unwanted edge areas, Wt in 
projection printing, you are much freer to determine 
thevsize and format of the subject. It is therefore 
important to consider composition when yoih-print, 

444. State basic principles and techniques applicable 
to printing composition. 

Since photographers are of infinite variety, andtheir 
' personal likes and dislikes differ, there are no hard and 
fast rules in composition. However, the following are 
k some suggestions that can be used to produce a 
composition that is pleasing to most people. 
(Remember that the mission requirements of the Air 
Force -must- have the ultimate influence on the 
product.) >♦ 

a. Normally, the center of interest (subject) is not 
placed in the middle of the print but a little to the left or 
right ora^ittte above the anter of the print. 



b. Horizontal, vertical, or diagdnal lines should 
never be allowed # to cut the picture in equal parts. For 
example, the horizon should be below or above the 
center of the picture. 

c. The horizon should be level 

d. Live subjects should be looking into the picture, 
not out of it. In other words, there should be more 
space in front of the figure than behind it. This 
principle also applies to action photographs: your 
composition is stronger if the action leads into the 
photograph and weaker if it leads out of it. 

e. Let the subject determine whether it should be 
jnnted vertically or horizontally. Tall, thyi subject*, 

ich as portraits or buildings, work bes/ vertically, 
/ide subjects, such as scenics, print better 
hbjftontaily . If you have doubts, print it both ways and 
ftelMecide. 

To have a clear idea what the best approach would 
"be, make a full-size test print. After processing and 
finishing, place the print under normal illumination 
and jase Lshaped "rulers" to crop the picture. (The L- 
shaped cropping guides can be made from cardboard, 
etc.) Adjust the rulers until the image is the way you 
want it and then, with a grease pencil, mark the picture. 
This indication then can be used wheit you make yotir 
final print. (Remember that when you change the 
image size of the print, you must make new test strips 
to determine the proper exposure, etc.) 

Once you have decided what you want to do, then 
you can apply a nunfber of different techniques. 

The tfasic techniqu^jsto change the size of the image 
by changing the priiner]head/ paper relationship. As 
the distancjjncreases, the image becomes larger. 

Another way to change image size is to change the 
focal length of the printing lens. The shorter the focal 
length, the larger the image for a given negative size, 
/Another technique involves the use of the easel. The 
Aasei can be placed horizontally orvertically anywhere 
within the projected image. It can also be laid at 
different angles to straightcna horizon Kne. If you have 
easels with adjustable blades and you are not held to a 
certain overall image size, you can crop by adjusting 
the blades. 

NOTE: While not* fitting within the topic of 
composition per se, remember that^the tone and 
contrast of the image greatly affects t£e way people see 
your composition. 



Exercises (444): 

1. How should the horizon line, appear in a print? 

2. How should live subjects be arranged? 

/ 
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3. What are L-shaped rulers used for? 

/ 

4.. When should you switch to a printing lens with a 
shorter focal length? 



5. What should determine whether the print is 
horizontal or vertical? 



5-8. Distortion Control 

Ever} photographer has discovered what is bound to 
happen if he tilts his camera upwards while taking a 
picture of a tall building— the vertical lines converge 
and the walls seem to be on the point of collapsing. In 
this section, we are not going to review how to shoot 
subjects hke tall buildings, but we are going to describe 
how to correct for distorted images when you 
projection print* (No such correction is possible by 
normal contact ^tinting.) 

445. Describe the proper techniques to use when you 
must correct for distortion during projection printing. 

A view camera is equipped with adjustments that 
permit making the film nearly parallel with the subject 
in spite of viewpoint. However, the press-type camera 
has only a "rising front and a lateral shift of the front 
standard to accomplish, any corrective action. 
Miniature and roll-film cameras rarely have means for 
correcting the alignment of thefilmand the subject. As 
a result pf these limitations in-taking, the photograph, 
many negatives show a noticeable convergence of lines 
that is distracting. Changes in these images can be 
produced by manipulation of the projection printer to 
achieve the desired correction. 

The control of distortion is based on the fact that 
image size varies with the distance between the 
negative and the easel The greater the distance 
between the negative and the easel, the larger the size of 
the image produced. Thus, if the image is projected 
upon an inclined plane or the image is projected from 
an inclined negative, the portion of the image farthest 
from the negative will have the largest image size. 

Conversely, that portion of the imagebeing closest 
to the negative will have the smallest image size. If a 
negative consisting *of" parallel lines were to be 
projected from an inclined negative or onto an inclined 
plane* all portions of the negative would not be the 
same distance from the paper, and the lines would not 
be recorded as parallel. By the same token, a negative 
that has lines that are not parallel (within limits) could 
be projected so that the print will show them as 
parallel. The control of distortion is limited to some 
extent by the type of projection equipment available 
for making the print. 



Tilting Only the Easel. Almost any projection 
print&has an easel that is a separate entity from the 
^projector. Because the easel is separate, it can be tilted, 
Aeven if it is merely propped up on one end. Study figure 
5*9. Note that a small diaphragm setting is used to * 
increase the* zone of sharpness sufficiently to include 
both the part of the easel nearest the lens and the part 
of the easel farthest from the lens. Notice, too, that the 
zone of sharp focus is parallel to the negative in this 
case, and it is not parallel to the easel. 

If parallel lines existed within the negative running c 
in the direction A to B, these same lines on the print 
would tend to converge— being closest at B' and the 
farthest apart at A'. Applying this principle to correct 
for convergence of lines, the end of the negative having 
the lines closest together would be placed at end A of 
figure 5-9. The end of the negative having the lines 
farthest apart would be positioned at B. (However, 
realize that the ends of the negative could be reversed if 
the tilt of the easel vtfere also reversed.) 

One of the big disadvantages of tilting only the easel 
is that an extremely small diaphragm opening must be 
used to have sufficient depth to the zone of sharp focus. 
The use of a small diaphragm opening makes it 
necessary to use longer exposure times. 
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Figure 5-9. Correction b\ tilling the easel. 
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Tilting Only the Negative. If the negative were tilted 
instead of the easel as is shown in figure 5- 10, the result 
would be much the same as when the easel is tilted. 
Once again, a very small diaphragm opening would be 
necessary to produce a zone of focus with sufficient 
depth to be sharp at both ends of , the easeL Notice that 
the zone -of sharp focus tilts on the same axis but in the 
opposite direction of the tilt of the negative.. 

Since the same negative-easel relationship exists in < 
figure 5-10 that existed in figure 5-9, the effect of the tilt 
on the image would be the same as that resulting when 
the easel was tilted. When the negative is tilted, the 
same disadvantages also exist; that is, it is essential to 
use a very small diaphragm opening to provide the 
required depth in the zone of sharpness. 

Tilting Both the Easel and the Negative. If you 
carefully examine figures 5- 10 and 5- 1 1 , you will notice 
that if both thfc negative and easel were to be tilted on 
the same 2xis but inapposite directions, the correction 
would be the same.. In, addition, the plane of sharp 
focus would be parallel to the easeL Thus, an 
arrangement such as that shown in figure 5-1 1 works 
very well for the correction of distortion when the 
distortion is on a single axis. Since the plane of sharp 
focus coincides with the tilt of the easeL the diaphragm 
aperature can be relatively large. 
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Figure 5- 10, Correction by lilting the Tiejjative. 
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Figure 5-1 1 Correction b> tilling both the negative and the easel. 



Not toomany projection printers are equipped with 
negative carriers *hat can be tilted at will. But 
remember, many printers are designed so that the 
entire projection head can be tilted. Jhis tilting, in 
effect, is the same as tilting the negative. The negative- 
to-easel relationship is the significant point you must 
remember. 

Tilting Both the Easel and the Nefative on Two 
Axes. Certain projection printers are equipped with 
both a two-axes tiltable negative carrier and a two-ax<£$ 
tillable easel. The type of arrangement shown in figure 
5-12 is ideal for correction of distortion. Distortionin 
any direction on the negative can be corrected, and the 
zone of sharp focus can be ma^e to coincide with the 
easel in its tilted position. Correction of distortion on 
both a horizontal axis of the negative and a vertical 
axis of the same negative is possible. Large diaphragm 
openings are possible without seriously affecting image 
quality. '. 



Exercises (445): 

'Complete the following^ statements tfit distortion 
control. 
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Figure 5-12. Correction by tilting both the negative and the easel in 
two directions. 

1. When tilting only the easel for distortion control, 
you must use a diaphragm setting. 



2. £ghen til ting only the easel to corfect for distortion, 

you tilt the easel where the projected image's 

parallel lines are farthest apart. 



3. When tilting only.- the negative, you must use a 
diaphragm. 




may be able to use a 



the negative, you 
phragm. 



5. More complete distortion correction is possible 
when the easel and the negative can be corrected on 
axes. 



5-9. Ntgatfvt Duplication 

Duplicate negatives are often required for 
distribution to other agencies for printing or for filing 
and storing in different locations. At times, it may 
become necessary to send duplicate negatives to other 
bases for making prints to be used for operational, 
instructional, or publicity purposes. Duplicate 
negatives are ideal for training and practicing 
techniques like etching. 

A negative also may be duplicated in order to have a 
reserve in the event the original is lost or damaged. 
Duplicating the negative is particularly important 
when it is impossible to make a new negative of the 
subject by reshooting it. 

In addition, duplicate negatives are used when it 
becomes necessary to speed up production or when a 
large number of prints of the jame subject must be 
produced. This mass production can be accomplished 
by making euOnHubei^of duplicate negatives of the 
original and distributing them to the various printing 
stations. Several technicians can then be 
simultaneously working to meet production 
requirements. 

Some defects in negatives can be corrected during 
duplication. For example, you can change the contrast 
or density of a negative. You can dodge or burn in any 
local area of the negative. Of course, you cannot 
impart detail that is not present in the original. 

For these and other reasons, you should know how' 
to duplicate negatives. 

446. Explain techniques on how to duplicate 
negatives. ^ 

Duplicating by Contact Printer. If the duplicate is to 
be the same size as the original negative, contact 
printing is the easiest and-most economical'method. 
The positive-negative film method is simple to 
accomplish. First, contact the negative with a- fine- 
gram copy film like Kodak's Ortho 4 125. After the ftliji 
has been processed and finished, you have your master 
positive. From the master positive, you repeat the same 
contact printing steps with your copy film and you can 
turn out as many duplicate negatives as needed. 

To insure good results, remember the following 
points: 

a. The film you use to make your master positive or 
duplicates may have much different sensitivity than the 
print papers'that you are using. Watch those safelights! 
Make sure that they are the type recommended for 
your film. Your exposing times may also be shorter 
than you are used to. 

b. Make sure that the original negative, the master 
positive, and the film are clean. If you don't, you will 
have dust spots on the film that cannot be removed. 

c. You can dodge, burn in, or change the contrast 
(by exposure and development combinations) of the 
master positive. But remember, your aim is to obtain 
negatives that can produce prints that are as good as 
(or better than) those produced by the original. Your 
master positive and duplicate negatives should not 
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normally be high-contrast. They should contain aiull 
range of tones that match the original negative. 
^ d. You should carefully choose your film/ developer 
combination for each step. Duplication magnifies 
grain, and so by the time you have made your positive 
and your duplicate negatives, the grain of the original 
will have been magnified. This magnified grain could 
ruin your prints. Keep grain down by using fine-grain 
film/ developer combinations. 

Duplication by Projection Printtaj. When the 
duplicate negative must be a different size than the 
original, use the projection printer. Projection printing 
gives you much greater control over dodging and 
burning-in when you make your master. Once the 
master positive is made, you can contact print the 
duplicate negatives. 

Reversal Film. An alternative to the 
positive, negative method is to use reversal film, which 
can produce the negative in one step. Its drawbacks are 
t 



^33 

the limited number of black-and-white reversal films 
(mainly 35mm) and the more elaborate processing that 
is required. 



Exercises (446): 

1. How can you produce duplicate negatives, using 
Contact printing? 



2. What are the advantages of making a master 
positive by using projection printing? 



3. What are the possible drawbacks of using reversal 
film? 
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Black-and-White Print Material Processing 



SO FAR WE HAVE discussed printing materials and 
exposure. In this chapter, we are going to cover print 
processing, an essential part of turning out satisfactory 
prints. Our discussion will include darkroom 
standards, preparation and use of solutions, time and 
temperature control, proper agitation, and print 
stabilisation. The key to success in this area, as in ail 
other areas of photography, is care in your procedures 
and pride in your work. 

6-1. Darkroom Standards 

The darkroom is the photographer's laboratory. As 
such, it deserves some consideration as to size, 
location, arrangement, lighting, ventilation, 
temperature and humidity, sinks, water supply, and 
equipment. 

447. State the principles underlying specific darkroom 
procedures and equipment for printing. 

The location of the darkrooms depend on the 
available space and the type and amount of work to be 
accomplished. However, it is obvious that even a small 
room that is well arranged is an aid to production, 
whereas a rambling place that is too large is time- 
consuming. Furthermore, there is less waste, the work 
is less tiring, and personnel are less likely to have 
accidents when a standardized procedure is set up and 
closely followed. Hence, the exposing, developing, 
nnsing, fixing, and washing of prints may proceed 
from left to right, or vice versa, but a definite routine 
should be established. 

Darkrooms should be provided with adequate fresh 
air, and the stale and noxious air should be withdrawn 
by power blbwers installed in the walls. It is also 
important to maintain darkroom temperature around 
70° F. This temperature not % only provides a 
comfortable environment to work in, but is a great aid 
in keeping the solution temperatures at the right level. 

The sinks should be centrally located to .save 
unnecessary steps and time. They should be large 
enough to hold the largest trays. Tray racks can be 
placed over the sinks so that any liquid that may splash 
or spill out runs into the sink and is disposed of 
through the drain. 

Hot and cold running water is absolutely essential. 
There should be a number of convenient outlets. In 



addition, there should be a water mixing valve for 
controlling the temperature. 

Darkroom Equipment. The carefully planned 
printing room should contain the following materials 
and equipment properly arranged so that the flow of 
work moves easily from one stage to another: a contact ' 
printer or projection printer (or both, etc.), an easel, 
safelights, a sink and trays for the solutions, graduates 
for measuring and mixing solutions, a thermometer, 
towels, at least two pairs of print tongs, an interval 
timer, and a wall clock with a sweep-second hand, 
(This list is not exhaustive. There should also be 
suitable multiples of this equipment, depending on the 
number of workers in the lab.) 

Trays. There should be five trays arranged in the 
sink so that prints can be processed in orderly 
progression from developer, stop bath, fir$t fixer, 
second fixer, and water tray. The water tray can hold 
the prints until they can be placed in the mechanical . 
washer. The trays should be a minimum of 1 1 x 14 
inches for convenient use in processing 8 x 10 prints. 

Timers. Most printing rooms contain two types of 
timers: a large clock with a sweep-second hand and 
interval timers connected to the contact and projection 
printers. 

The clock timer most often has a black background 
with a luminous dial (Gra-Lab type, etc-). The dial has 
a 1-second graduation and a large sweep-second hand. 
It is normally located on a shelf over the developing 
tray. It should be used to time each step of the process. 
(Make sure that the clock is properly maintained. 
Through use and abuse, the clock can become 
inaccurate or cease to have a smooth sweep-second 
hand.) 

There are a number of models of interval timers Used 
to time the exposure when printing. Some are built into 
the printer and others are connected electrically. 
However, all work on the same principle. The exposure 
time is set by moving a pointer to the desired time on 
the dial; the exposure button is pressed and the 
printing paper is exposed for the given time. When 
making a number of prints from one negative, this 
precise timing of exposure will insure greater 
uniformity of results. A FOCUS button is also 
provided on the timer to permit the operator to have 
the printing light on continuously to view the image for 
focusing and composition. 
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NOTE: Remember that good laboratory safety 
requires that all electrical equipment be properly 
grounded. Many a technician has received quite a 
shock by simultaneously touching a printer and 
interval timer when they were not properly grounded. 

Prim tongs. Most technicians like to use print tongs 
to hold the print during processing. This technique 
eliminates the need to handle the print with possible 
hypo-stained hands that can cause those unsightly 
white fingerprint marks and require the print to be 
done over. If you use tongs, keep two points in mind: 
(1) keep the tongs clean and (2) use two pair of tongs- 
one pair to handle the print in the developer and carry 
it to the stop bath and the remaining pair to handle the 
print through the remaining steps (the use of two pair 
of tongs is necessary to prevent contamination). 

Laboratory Cleanliness. In most photographic 
publications, there is a section on defects. A close study 
shows that many defects are caused by a lack of 
cleanliness in the laboratory. It is much feasier and 
cheaper to maintain a clean laboratory than to spend 
time, effort, and materials to correct for defects (i.e., 
spotting prints or reprinting). 

Remember to establish a wet side for the solutions 
and a dry side for the printers. »You must keep the dry 
side dry and free from contaminants. This carefulness 
insures inuch cleaner prints. 

„ After ^processing operations, your hands are wet 
with wattff or chemical solutions. In either case, rinse 
themiif clean water and dry them on a clean towel- 
not one contaminated with chemicals. Be sure that 
your hands are dry before your return to the dry side. 

Avoid splashing chemicals. Splashing chemicals on 
the floor or your clothing transfers them to the dry 
side, where they may ruin the prints. Chemicals^ 
splashed on the floor may go unnoticed until they dry 
to a powder. Walking back and forth agitates the 
powdery crystals .and they become airborne. 
Ultimately these particles settle on your negatives and 

paper, causing spots that require retouching on 
negatives and spotting on the prints. Remember, 
therefore, to clean up all spills as soon as possible. 

Regular cleaning of the laboratory is essential to 
quality production. No area should be overlooked. 
Floors should be mopped with a dust mop rather than 
.a broom. Then use a wet mop to rinse the floor with 
clean water. Never use a dirty mop, as this only moves 
the dirt from one place to another. 

When a liquid is used to complete a cleaning job, 
remember that plain water will remove most chemical 
deposits. If a solvent is necessary, use as Utile as 
possible while following all safety precautions 
connected with its use. 

Qeaning as you go saves time and materials in the 
long run. No one wants to work in a filthy environment 
and you certainly cannot produce a high-quality 
product under unclean conditions. 



Exercises (447): 

1. Why is it important to have a definite routine to 
your darkroom arrangement? 



2. Why should the darkroom temperature b? about 

^0° F? 



3. What are the two types of timers you need when 
printing? What is each type used for? 



4. Why do you need two sets of print tongs? 



5. Why is cleanliness so important? 



6-2. Preparing and Using Specified Processing 
Solutions . 

The proper selection, preparation, and use of your 
developer is very important to your print quality. In 
this section, we shall discuss these aspects of the print 
developer. Then we shall cover similar aspects of stop' 
baths and fixing baths, as well as time/ temperature 
controls. ' 

448. Identify appropriate developers for print 
processing and explain procedures used in the 
preparation of a print developer. 

Selecting the Print Developer. There are a number 
of print developers that are available. The developers 
vary in the tones and contrast they produce and the 
type of paper for which they are designed. Normally, 
each manufacturer recommends a particular 
developer(s) to match each type of paper. In. selecting 
your developer, you must carefully consider the type 
of paper you are using and the result that you want 
Following is a list of Kodak paper developers, their 
recommended^dilution ratios, their processing times, 
and'their purposes. This list is to just give you an idea 
that several paper developers, exist. Other 
manufacturers would produce a similar list The basic 
paper developer in the Air Force is the D-72(used 1:2 
for 2 minutes), which is equivalent to Kodak's Dektol. 
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Kodak Developer 
and Dilution 
Ratio 

Dektol(l:2) 

Setecto!<l:!> 

Selectol Soft (1:1) 
Ektonal (1 1) 



* Recommended Range 
of Development 
Time in Seconds 

45 to 180 



90 to 240 

90 to 240 
90 to 240 



Use 

Yields neutral and cold tones 
on cold-tone paper (e.g., 
Kodabromide). 

Is suitable for warm-tone paper and 
warmer tones, on other paper 
(e.g., Polylure). 

Is a companion to Selectol 
but gives lower contrast. 

Is specially designed for warm- 
tone papers that are to be 
toned (e.g., Opal). 



V 



•Tb« exact procauni nme depend* on ihe piper beinj used *nd ihe temperaiure of jhe solution 



Preparing Print Developer*. Once you have selected 
the developer you want to use, it should be properly 
prepared for use. The following points should be *" 
considered in making your stock solution. (Once you 
aave prepared your stock solution, you then pan 
prepare yorur working solution. The working solution 
is the stock solution diluted, if required, to its 
processing strength.) * 

a. Following directions. One of the most important 
requirements for mixing the developer is to follow the. 
manufacturer's .instructions. Failure to follow 
directions results in solutions that do not perform 
consistently and properly. This wastes materials. 

b. Water supply. Impurities in the water can cause 
stains. Use filters to remove impurities from the water. 
Where very critical work is being done, distilled water 
nlay be required. 

c. Mixing container. The mixing container and the 
stirring rod that are used must be clean and of the right 
kind of material to prevent contamination or chemical 
reactions. Stainless-steel, rubber, polyethylene, glass, 
and enameled steel are materials commonly used in 
chemical mixing equipment. 

d. Temperature and sequence. To stress the point 
again, follow the manufacturer's directions regarding 
water temperature (which may be higher for mixing 
than for use) and the exact sequence that components 
are to be mixed. 

e. Agitation. Proper agitation (stirring) during 
^mixing is most important to insure that the chemicals 

are properly dissolved in the water. It is a good idea to 
introduce only small quantities of the chemical at a 
time while stirring smoothly but vigorously. (Do not 
stir so vigorously as to cause the introduciton of air 
into the solution or splashing of the solution.) 

/ Storing. Proper storage is essential to preserve the 
solution. The developer can be stored in a stoppered 
amber bottle or an opaque plastic container with a top 
or floating lid. 

g. Safety. Throughout the preparation (and use) of 
the developer (or any other solution), remember 
chemical safety. Chemical mixing should take place in 
a well-ventilated room. Always remember to add the 
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chemicals to water. Do not swallow the chemicals or 
get them in your eyes. It is a good idea to wear rubber 
gloves and a face mask to eliminate chemicals 
hazards. 

Exercises (448); 

I. Which of the following developers are used in print 
processing? 

a. D-19. 

b. Dektol. 

c. D-76. 

d. DK 

e. D-72. 

f. Metolflow. 

g. Selectol. 
- j *> 



2. What should be your two main considerations when 
you are choosing a mixing container? s 



3. What is probably the most important rule in the 
preparation of a developer?' 

4. What type of protection should you wear when 
mixing chemicals? 



5. Too vigorous stirring when you are mixing the 
developer can cause what problems? 



449. Briefly explain steps to follow when you are 
developing a print. 

Using Print Developers. Once the stock solution has 
been prepared, you can make the working solution. 
The working solution is prepared by mixing the stock 

.1, * * * 

2i> 



solution with the proper amount of water. The 
working solution then can be poured into the 
developer tray for processing. 

Once your darkroom is all set up, all solutions are at 
the right temperature, and you have exposed your first 
sheet, you should follow these steps to develop your 
print: 

( 1) Set your wall timerTor the processing time. The 
clock should start once the paper is in the tray. (Some 
technicians have the clock run all the time and then 
start processing on any suitable whole minute. This 
procedure saves resetting the clock or having to start 
and stop it all the time.) 

(2) No presoak is necessary, so you can start right 
off with the developer. To do this, tilt the tray so that 
the developer collects on one end. Then slide the paper 
in, emulsion up. (By so doing, you will prevent the 
collection of air bubbles on the face of the paper, whicn 
could occur if the paper was fed in with the emulsion 
side down.) Then lay the tray fiat, causing the 
developer to cascade over the paper. 

(3) Tray agitation should be continuous, so rock the 
tray gently through ojut the development. 

(4) For an accurate 2-minute development (or other 
time as recommended), lift the paper after 1 minute 
and 50 seconds of development (i.e., 10 seconds before 
the end of the development time). Drain the paper for 
10 seconds then slide it into the stop bath. 
(Accurate timing of your processing is important in 
order to determine proper exposure. Process by the 
clock and not by your eyes, as the density of the print 
under the safelights and in the developer is deceptive.) 

A slightly different procedure is used if you are 
de\ eloping more than one sheet of paper at one time, if 
this is the case, first, put one sheet at a time, emulsion 
side up, in the developer. Then*proceed to agitate by 
rotation rather than by rocking the tray. Do this by 
pulling the first tbottom) sheet out from under and 
putting it face down on top of the stack of prints. 
Immediately follow it with the next sheet from the 
bottom and continue until the whole pile is face down. 
At once, pull them through again, one by one in the 
bame order, to make a face-up pile, continue tq flip 
through the prints this way, carefully and regufarlv, 
until the end of the development time. Drain each print * 
pnor to putting it in the slop bath. NOTE: To insure 
consistent timing, it is important to count as you go so 
that the first print is in the first print out. 



Exercises (449): 

1. Print processing normally calls for what type of 
agitation? Why? v - 



2. For a single sheet, how should the emulsion face 
during processing? Why? 



3. What procedure should you follow to insure an 
accurate processing time? 



4. How should you agitate when you have to process 
more than one print at a time? 



450. Indicate characteristics of stop baths and fixing 
baths, and explain how to prepare and use these 

solutions. 

Once you have developed your print, you need to 
Tinse it in a stop bath and then make the image 
permanent through use of a fixing bath. 

Purpose of the Stop Bath. A stop bath, though it 
does not make the image permanent, serves three 
important purposes: (1) it stops or slows down 
de\elopment by neutralizing (a chemical reaction) or 
diluting the developer; (2) it helps to prolong the 
strength of the fixing bath; and (3) it helps prevent 
blisters that would result from the strong chemical 
reaction between developer on the print and the fixing 
bath at ihe very print when the emulsion is soft. 

Preparing and Using the Stop Bath. There are 
basically two types of stop baths that are commonly 
used. These are water and acid. Plain water is used 
because it is readily available, However, it acts only as 
a rinse. It dilutes the developer, but it does not 
neutralize it (i.e., no chemical reactions are taking 
place). If \ou use only water, make sure that you have 
the water continuously running into the tray to keep it 
fresh. 

Most labs use an acid stop bath because the acid 
reacts w ith the alkaline in the developer and neutralizes 
it. To make an acid stop bath, first make a 28-percent 
solution of acetic acid froip glacial acetic acid. To do 
this, dilute three parts of glacial acetic acid with eight 
parts water. To make the stop bath itself, add \ X A 
ounces ot the 28-percent acetic acid to 32 ounces of 
water. (NOTE Remember for safety's sake, always 
add acid (AAA rule to the water.) 

During use. the temperature of the stop bath should 
be the same as the other solutions (e.g., 68° F). After 
development, place the print in the stop bath and be 
sure to agifate for 1 5 to 30 seconds (longer if more than 
one print is treated at one time). Stains may result if 
prints are merely left v to stand in the solution. 

For best results, read the instructions that come with 
the paper that you are using. The instructions outline 
the type of stop bath- to use and the time the print 
should remain in the bath. 

Purpose of the Fixing Bath. The fixing bath is 
important because it chemically changes undeveloped 
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silver (exposed or unexposed halides) into soluble salts 
that can be washed away. If undeveloped silver halides 
were to remain in the paper, they would discolor when 
exposed to light to which they were sensitive. This 
discoloration would result in fading of the image. 

Preparing tnd Using the Fixing Bath. There are two 
types of hypo solutions in common use: one with and 
the other without hardener. For average use, the 
packaged hypo with hardener, mixed with water 
according to the manufacturer's directions, is 
advisable. The purpose of the hardener is to prevent 
excessive swelling or softening of the emulsion. It is 
particularly important when you are processing at high 
temperatures. If ypu want to give your prints a post- 
processing treatment, such as toning, you should make 
your own fixing bath without hardener. The Photo 
Lab Index gives you formulas for these fixing baths. 

In preparing t<V use a fixing bath, take a stock 
solution of hypo as > our working solution (no dilution 
necessary). Prepare a setup of two fresh fixing baths. 
(When the first bath is exhausted, usually after 
processing two hundred 8 x 10s per gallon, replace it 
with the second fixing bath. A fresh bath then replaces 
the number two bath.) The exact amount of time in 
each bath varies with the particular fixing bath, its 
temperature, and the paper being processed; but 
normally it would be 3-5 minutes per bath. (Kodak has 
come out with a new resin-coated projection paper that 
can be fixed in 2 minutes.) The length of time in the 
bath is important because too much time can cause 
bleaching and too little won't do a permanent job. The 
temperature. Of the bath should be similar to the other 
solutions. Proper agitation is also very important; 
without it, uneven fixing may result. 

A print canbe examined under a white light after it 
has been properly fixed for 2 minutes. 

Exercises (450): 

1. Why is a stop bath an aid to accurate development 
times? 



2. What is the main advantage of an acid stop bath 
iover a water stop bath? 



3. How long should a print stay in a stop bath? 



4. x What is the purpose of a hardening fixing bath? 



5. What is the advantage of using resin-coated paper? 



451. Explain the relationship between development 
time and temperature in print processing. 

Establishing Time /Temperature Controls. Just as in 
film processing, the factors of solution temperature 
and the length of time the sensitized material is in the 
solution are important factors in determining the 
quality of the result. If the paper is developed for too 
short a time or at too low a temperature, a weak, low* 
density, low-contrast print will result. 
Underdevelopment can result in a loss of detail in the 
highlight portion of the subject. On the other hand, if 
the print is developed for too long a period or at too 
high a temperature, the result will be a print with too 
much density with a slight increase in contrast. 
Extreme overdevelopment can lead to fogging. 

The Ideal procedure to control your processing time 
\ is to establish temperature control of all your M 
solutions. By having \all the solutions at the 
recommended 68° F, you cap follow through with the 
recommended times. This control can be established 
by using a thermometer to check the temperatures and 
a water mixing valve to get the water for mixing the 
solutions to the right temperature. 

If you cannot establish a temperature of 68° F, yqu 
must modify your processing times accordingly. Check 
the instructions that come with your paper or 
developer for a time/ temperature chart that gives the 
appropriate lune for the temperature you are using. 

Exercises (451): * " 

1. What is the relationship between time and 
temperature when you are processing a print? 



2. How can you establish temperature control of your 
solutions? 



6-3. Agitation 

Agitation is very important in every step of print 
processing. We have mentioned it on a continuing 
basis throughout the chapter, but. now we should like 
to explore it further to emphasize its importance in 
correct processing. 

452. Explain principles and procedures related to the 
agitation of prints during processing. 

Purposes of Agitation. Agitation is important in 
every step in processing, but its importance can be 
comprehended best by understanding what takes place 
during development. During development, the 
solution reduces the exposed silver halide grains in the 
emulsion to metallic silver. In the process, a number of 
oxidation and chemical by-products are formed. These 
by-products will retard development if not replaced by 
fresh solution. 



ERLC 



66 



214 



When you have stagnant development (no 
agitation), some portions of the solution are richer in 
by-products than others, due to the fact that at regions 
of high exposure, more development takes place than 
at low exposure regions. For this reason too, 
development is retarded to a much greater extent at 
regions of high exposure than at those of low exposure. 
A lack' of agitation also produces development mottle 
(streaks). This defect occurs because the diffusion of 
fresh developer and reaction byproducts from within 
the emulsion take the path of convection currents. In 
the unagitated solution, these currents take slow, 
random, irregular paths, producing uneven 
development. _ - 

This same effect can take place in the other s 
solutions. Improper agitation in the fixing bath can 
lead to stains and uneven fixing that will result in 
fading as time goes on. 

Air bells can also be eliminated by proper agitation. 
Air bells are tiny bubbles in the developing solution, 
which can cling tenactiously to the paper emulsion and 
cause small circular or cliptical clear spots to occur. A 
spot having soft edges or one of low density indicates 
that the bubble grew smaller as development 
progressed or broke before development was 
completed. 

Methods of Tray Agitation. When processing a 
single print at a time, you can agitate each of the 
solutions by continuously rocking its tray. For the 
fixing bath, you should have continuous agitation for 
the first 2 minutes, y ou should then agitate at least once 
every minute after that. 

W hen working with more than one print, you move 
the prints rather than the tray, leafing each print in 
rotation from bottom to top throughout the 
processing. It is important to count each print as you 
go, so that you can transfer the prints in orderfrom one 
solution to another. 
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E\ercises (452): 

I. What is formed during processing, thereby making 
necessary a continuous replacement of fresh 
developer? 



2. What is mottle? How is it caused? 



3. What are air bells? How do they affect a print? 



4. When processing a single print, you agitate by 

moving the I ; when processing* groups of 

prints at one time, you agitate by moving the 



6*4. Print Stabilization Practising 

Stablization is the term applied to photographic 
printing that uses developer-impregnated paper. This 
paper is then processed by using an activator chemical 
for development and a stablizer to M fix n the image. 
Special materials and processing equipment have been 
produced for this purpose. This section will describe 
the basic principles of stabilization processing as they 
are related to the Ektamatic SC paper and the 
Ektamatic Model 214K processor. This, system has 
great value in newspaper work or whenever speed is a 
prime requisite for mission success. 

453. Complete statements regarding principles, 
procedures, equipment, and materials related to 
stabilization processing. 

Paper for Stabilization Processing. The paper and 
emulsion used for stabilization processing is similar to 
that used in conventional processings However, this 
type of paper is not available in as many variations of 
weight, sensitivity, and surface characteristics as 
normal paper. The primary difference is that the paper 
is impregnated with a dry developing, chemistry. 
Kodak's Ektamatic SC paper is virtually identical to 
Polycontrast paper except for its processing ability. Its 
contrast is controlled by variable-contrast filters. You 
use the same Wratten OC safelight. 

Processing Methods. Ektamatic SC paper may be 
processed by conventional paper processing methods 
using standard developer and fixer solution. However, 
the advantage of rapfd processing necessitates , use of 
special chemistry with this paper. Only two solutions 
are required, to produce a visible., semipermanent 
image on the conventionally exposed paper: an 
activator solution and a stabilizer solution. 

The activator solution reacts with the developer- 
impregnated paper to convert the latent image into a 
visible silver image. A short stop or rinse bath is not 
required before stabilization. The stabilizer solution 
neutralizes further effects, of development and greatly 
reduces the emulsion's sensitivity to light. Note that the 
light sensitivity has been reduced but not completely 
neutralized. The -resulting degree of permanency of 
stabilized prints, therefore, depends on the extent of 
their exposure to heat, light, and humidity. This 
characteristic is not usually detrimental. Stabiliza- 
tion-processed prints normally are produced for short 
life requirements such as proofs or for immediate^ 
reproduction by news media. 

To insure the permanence of Ektamatic SC paper, it 
must be fixed, washed, and dried by conventional 
methods. Stabilization processing equipment, suctyas 
the Ektamatic 214$, squeegees the prints through 
rollers after they have passed through the stabilizer 
solution. The paper then is in a damp-dry condition 
with a semigloss finish. 

Complete drying occurs within a very few minutes at 
normal room temperatures. A glossy finish is possible** 
only after drying with normal print-drying equipment. 
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Since this drying method normally requires heat, the 
print must be fixed in conventional fixer and then 
washed in order to prevent image deterioration. 
Procedures for obtaining permanent images are 
explained ifi the data sheet supplied with each package 
of paper. 

Ektamatic 214K. The model 2 14K Kodak Ektamatic 
Processor was designed to process exposed 
stabilization photographic papers up to 14 inches in 
width. The two solutions are supplied in plastic bottles 
and no chemical mixing is necessary. The processor 
should be positioned on a stand or table or in the 
processing sink. 

Power source. Normal power requirements are 1 15- 
volt, 60 cycles ac. Choose a convenient outlet to 
connect the three-pronged plug of the power cord. As 
with all electrical equipment used in photo, it is 
important thfet theTnachine be properly grounded 

Assembling and leveling the processor. Be sure that 
all items are carefully unpacked. Remove the processor 
base and solution tray, shown in figure 6-1, from the 
shipping pallet. Insure that all the items are present by 
checking each against the packing list. 

.After lifting off the solution tray, wipe it down with a 
damp sponge to remove any foreign material. 
Assemble the four leveling feet to the processor. 

Insure that the two drain bottles are inserted into the 
base of the processor, as shown in figure 6-2. Using the 
tray location hole, replace the solution tray on the 



processor base . Insert the ends of the drain bellows (see 
fig. 6-1) into the drain bottles^ > 

Level the processor (side to sideband front to rear) J>y 
rotating the leveling feet. Use a spirit level on the center 
partition to check the side-to-side adjustment; span 
with the width of the tray to check the front-to-rear' 
adjustment. 

Leveling can also be done by filling the front section 
of the solution tray with water and adjusting, the 
leveling feet until the water is at the same height along 
the entire length of the center partition. Compare the 
water level against the height of the flat surfaces near 
the front drainjbcllows for front-to- rear leveling. Drain 
the water from the tray by depressing thisdrain bellow. 
Take out the solution tray and empty the drain bottle. 
Replace the bottle and the tray. 

Assemble the driven gear, shown in figure 6-3, to the 
roller shaft on the processing rack assembly, using the 
drive pin and washer This gear will mesh with the 
adjacent rack gear when it is assembled properly. Wipe 
the processing rack assembly with a damp sponge. 

As shown in figure 6-4, place the processing rack 
assembly on the solution tray. Be surejhat the corners 
of the processing rack assembly rest in the recesses of 
the solution tray. After making certain that the rack 
gear is meshed with the base idler gear, snap the hold- 
down latch over the shaft. 

Assemble the housing assembly (fig. 6-5) on th$ 
processor by tilting the front upward and toward the 
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Figure 6-1. Base of Eklamatic 2I4K Print Pressor. 
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Figure 6-2 Dram bocto msened in :he processor base 



- • iv f -he ^ovCSNor, hooking the rod under the two 
- - \c^ i«wr.; J r ' "e « »* of tne prccrsscr ba*e and 

t.:« :ow.ng :ne .:om d the housing I'se^-S? 
Insert the teed shelf through ihe processor ftv.^'- 2 

as shown in figure 6-6, ulting the front upward. 

inserting it as far as it will go. and then lowering t*e 

assembly. This action hooks eachend of the shelf to tttc 

' ac roc *- f • 

Operation of the processor The operation ot tne 

2 UK processor requires specific attention to the 
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Figure 6-3 Drive gear mechanism of the processor 
4 



chemical solutions, the starting . and stopping 
procedures, and operator maintenance. The first step is 
to x^dii jner.ical >uppl> bottles. .After removing the 
; : ^rr. \r.£ I -quart solution bottles, install a 
>. .ji-on- i e- var*c to each bottle, as shown in figure 6- 
" Tignten eacn %ahe securely. Always be sure; to use 
the brack <oiutioh-level valve witfftfie activator arid the 
red ^ai^e wim the stabilizer, thus preventing the 
possibility oi contaminating the solutions. 

\\ m the bottles held above the processor, turn them 
upside do*n and auickly insert tbem into the openings 
proMdeo m the processor. Be sure that each chemical 
bottie is in*ene<Linto us proper hole (i.e., the activator 
into the opening marked ^Activator," and the bottle of 
stabilizer into 'the opening marked "Stabilizer*, as 
shown in figure 6-8. Check that both bottles areseated 
firai> m the tray. When the processor is first started, 
shghtlv less than i quart of activator and slightteitiore 
than f quart of stabilizer are required to fill thcrtrays. 
When a bottie is empty, install a full one. ^ 

T£ start the processor, press the start-stop button, 
shown in figure 6-8. When the light in the button ison, 
the processor is on. When the processor is to be .used 
frequently, the drive can be left running* 

CAUTION: Be very careful not to touch the 
emulsion side of the paper before processing. To avoid 
chemical contamination of the feed tray, be sure that 
the processed prints do not come in contact with the 
trav or housing as they are removed. ' 

Alwavs insert the exposed paper emulfion side 
down, the paper should also be inserted lengthwise 
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Figure 6-4 Rack ai*emblv installed on ihe processor 



and squarely for optimum transport. You should no( 
Insert paper that is less than 5 inches in length. 

Replacing ^hemual supply bottles. To maintain the 
strength of the acm ator and the stabiftzer. install fre*h 
bottles of solution as indicated in the photographic 
paper instruction sheet or once each week— whichever 
occurs first Drain and clean the processor. Then 
install fresh solutions as follows: 



HOUSING ASSEMBLY 




Figure 6-5. Homing assembly of the processor, 



(1) Remove the : chemical supjriy bottles, feed shelf, 
and housing assembly.. 

1 2) Press down and hold the drain bellows, shown in 
figure 6-9, until all the chemicals have drjined from the 
solution tray into the drain bottles. 

t3) Unhook the hold-down latch (shownin fig. 6-4). 
Raise the left side of the solution tray. While holding a 
towel or large sponge under both drain beDows, lift the 
tra> and processing rack assembly as a unit and carry it 
to a large sink. 




Figure 6-o Feed shelf of the processor. 



SOLUTION-LEVEL VALVES 
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Figure 6-7 SoiUUon-ievei vaNes on chemical supply bottles 



(4) Take out the processing rack assembly, and 
wash the track and chemical tray with fresh water. Use 
a soft brush to remove stubborn residue from gears, 
rollers, shafts, etc. Drain water from ail parts. Be sure 
not to soak the rack assembly overnight. Place the rack 
assembly on a v flat sur/ace in order to avoid damaging 
the components. 

(5) Take the two drain bottles from*their storage 
mounts and securely cap them, as shown m figure 6-10. 
Remove the drain bottles and flush each solution down 
the draiifcsone at a time. Rush thoroughly with water. 
If the two solutions are mixed, strong ammonia fumes 
will result. 
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Figure 6-4 Processor in operation. 
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DRAIN BELLOWS 




DRAIN B^TLE£~ 
Figure 6-9 Drain beiio** and drain bottles of the processor 

CAUTION. The activator causes eye burns. 
Prolonged or repeated contact with the skin may cause 
irritation, if acn% ator is splashed in the eyes, flush eyes 
•mmediaielv with plenty of water and get medical 
attention." 

Shut-do* n procedures. To shut down the processor 
overnight, simply turn off the processor drive. When 
starting up the processor the next day, run the drive for 
approximately 5 minutes before processing the first 
print. For prolonged shut-down or over the weekend, 
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Figure 6-I0 Drain bottles ready for removal 
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follow the procedures we just explained for "replacing 
chemical supply bottles.** 

Maintenance and housekeeping. The following 
maintenance and housekeeping steps must be 
accomplished as indicated if your machine is to operate 
efficiently. 

a. Daily. Keep the processor clean and free of 
chemical splashes by removing any splashes or spills 
with a damp sponge as they occur, 

b Weekly Wipe the outer base surfaces with a 
damp sponge before installing chemical supply bottles. 
If the processor should accidentally be moved, causing 
the chemicals to spill, remove the bottles, feed shelf, 
and housing assembly. Drain the solution trays, and 
remove the rack assembly tray and drain bottles. 
Remove the eight screws. Unscrewthe leveling feet and 
slide -the cover approximately 4 inches toward the 
motor end of the processor, then lift the cover from the 
base plate Clean all surfaces of the processor with a,, 
damp sponge. Reassemble and level the processor. 



5. The 



.solution brings out the image. 



6. To have a permanent image* you have to . 
the print. 



7. A 



finish is normally possible only when 



you are using ordinary print-drying equipment 



8. The Ektamatic 214K can handle paper up to 
inches in width: 



9. For electrical safety, it is important that the 
Ektamatic be properly . 



Exercises (453): 4 

r Complete the following statements on stabilization 
processing. 



1. Ektamatic SC paper is a 
that is impregnated with . 



.-contrast paper 



10. The black solution-level valve is used with the 
solution. 



llAYou should not insert paper that is less thag 
— * inches in length. 



2. Ektamatic paper can be processed in any . 
? pnnt developer. 



12. Paper is fed into the Ektamatic emulsion side 



3 When priming with Ektamatic paper, vou use a -., . «. . . , 

Wratten L safehght i U ' f thc tNV ° P roccss,n g solutions are mixed, . 

& " \ fumes will result. 



4 The 



semipermanent. 



solution makes the image 14 The :nside of the processor should be cleaned 



2h u 
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CHAPTER 7 



Print Finisfnng Techniques 



? 



THE FINISHING of prints includes the handling 
gi\en to the prints from the time they are remo\ed from 
the fixing bath until they are ready for sorting. In this 
chapter we shall discuss pnm washing and washers, 
drying and dryers, toning, mounting, spotting, and 
protective finishes. A thorough knowledge of finishing 
techniques is necessary if you are to turn out high- 
quality prints that meet mission requirements. 

^> 

7-1. Washing Prints 

Washing is>an important step to insure a permanent 
image. It should never be done in a haphazard manner. 
You must, therefore, learn proper washing techniques 
and then apply them in your work. This section will 
discuss basic principles of washing prints and the use of 
mechanical washers. 

454. Stite principles tnd describe procedures related 
to print washing. 

The purpose of washihg prints is to remove the 
residual chemicals that remain in the emulsion*base J £>f 
tne paper after development and fixation. Washing 
dissolves and dilutes the soluble products and 
eliminates them with the disposal of the wash water 
Thorough washing of prints is as necessary as 
thorough washing of negatives. If processingchemicals 
remain in the paper, they will discolor and ruin the 
print. Although chemicals diffuse from both the base 
and the emulsion of prints during washing, it is 
necessary to wash prints longer than the time required 
for negatives because the fibers arid baryta coating jf 
the paper absorb the chemicals. (An exception is resm- 
coated paper, which can be washed in 4 miniites 
because it does not absorb chemicalsat the same rate as 
other papers! 

Washing Factors. The length of washing time is 
dependent upon a number of factprs. You should 
consider thejfollowing: 

a. Prdpjei^fixing, Using partially exhausted fixing 
baths that require longer than normal fixing times will 
require longer than normal washing times. 

b. Temperature of the Water. The higher the water 
temperature, the faster the chemicals are diffused. 



Therefore. > ou get faster washing times at 75° F than at 
65° F (Very high temperatures will damage the 
emulsion.) 

c. T\ pc and weight of the paper. Whether the paper 
is resin-coated or not affects the washing rate. Resin- 
coated papers do not absorb the chemicals as do the 
normal kinds and therefore wash faster. The weight, of 
the paper is significant. Double-weight paper, which is 
thick and therefore absorbs more chemicals, takes 
about twice as long as single-weight paper. 

d. Method of washing. Whether you are using trays 
or mechanical washers will significantly affect the 
water exchange rate and hence the washing times* 
Mechanical washers, in fact, are a necessity for high- 
volume washing. 

e. Rate of water exchange. The number of complete 
changes of water to insure that the contaminated 
water is* being completely drained away is important 
Ope change every 5 minutes is recommended to insure 

Der washing. 

1 Amount of agitation. Agitation is essential to 
re the free flow of water around each print. The. 
pf^ts must be rotated by hand or tumbled by 
mechanical means so that each print is adequately 
washed. 

*g. Use ofa hypo clearing agent The rinsing of prints 
in a hypo clearing agent for 3 to 5 minutes prior to 
washing can significantly reduce washing times. There 
are a number of commercially made hypo eliminators, 
and formulas are also given in the Photo Lab Index. 
Using these solutions according to directions can save 
you much time. — 

Washing By Trays. Although most washing is done 
b . mechanical washers (discussed later in this section), 
*mall groups of prints may be washed in trays. Two 
deep trays should be used. The size of the trays selected . 
*j> determined by the size and number of prints to be 
washed. Both trays should be filled with water. All 
prints are then placed emulsion up in one tray. The 
prints should be separated, agitated, and then 
transferred one at a time to the other tray. The first tray 
is then emptied and refilled with fresh water, and the 
procedure \s repeated until the wash is completed. The 
prints should be agitated by rotation at least two or 
three times in each change of water and the water 
changed at 5-minute intervals until about six changes 
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have been ^ven for single-weight prints. Double- 
weight prints should be given from eight to ten 
changes. 

A second method of washing prints in a tray involves 
the use of a tray siphon. Th$ sipnon directs fresh water 
into the top of the tray and at the same time removes 
the chemically contaminated water from the bottom of 
the tray. The tray siphon method of washing is quite 
efficient. 

Exercises (454): 

1 bst seven factors that determine print washing 
times. 



2. If a print is not properly washed, what will happen 
to the image with the passage of time? r1 



3. How often does the water have to be changed when 
you wash by tray? 



4. What is the advantage of washing at 75° F? 



5 Wh> does it take longer to wash double-weight 
* prints than single-weight ones? 



455. Identify true or false statements related to the 
operation and use of print washers. 

Mechanical Washer. A convenient method of 
washing large numbers of small- and medium-sue 
pnnt5 is by the use of a mechanical washer. The 
majority of your print washing may be carried out by 
using this item of pnnt equipment* Average washing 
time for non-res*n-coated, single-weight prints is less 
than 30 minutes; double-weights take about 45 minutes 
to an hour A mechanical washer sprays fresh water 
into a rotating drum and at the same time drains off the 
contaminated water. The rotation of the drum, 
together with the spray of the water, gives constant 
agitation to the prints. In mechanical washers, the 
water is completely changed ev?ry few minutes. 

Pakolux. A typical mechanical print washer is the 
Pakolux shown in figure 7-1. The machine washes 
large numbers of small photographic prints quickly^ 
and efficiently. It washes approximately 100 double-" 
weight 8 x fOs in 45 minutes. 

To operate the Pakolux, you should follow these 
instructions: 

(1) Close the drain valve so that the tank can be 
filled. 
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(2) Open the water shut-off valve and allow the tank 
to fill to the overflow level. By setting the shut-off valve 
from one-half to three-quarters open, you can 
maintain a continuous flow of fresh water. 

(3) Raise the drunr by stepping on the foot pedal 
and depressing it far enough to engage the pedal lock. 
Manually rotate the drum until the door in the cage is 
rotated to the top where the index pins on the lift 
channels hold the drum in place. Release the locks and 
open the door. 

(4) Place the prints in the drum one by one so that 
ihey do not stick together. Close and lock the door. To 
flower the drum into the tank, push down the foot pedal 
"to release the pedal lock. Allow the pedal to rise 

slowly Apply power to the motor by turning on the 
electrical switch. 

(5) When the washing is completed, turn off the 
power. Slowly raise the drum and lock it in position 
with the foot pedal. After the drum is rotated in the 
index position, open the door. Place the prints on the 
door for a *hort period to drain off excess moisture. 

(6) When all prints have been removed from the 
washer, close the shut-off valve and open the tank 
drain valve. W'hen the water has drained out, dry the 
washer with a clean dry cloth. 

Remember to consult the applicable technical .order 
prior to and during operation. 

Exercises (455): 

Indicate whether each of the following statements 
regarding machine, washing offprints is true or false. 



\J »v * 



T F 1. Mechanical washers arc better able towash.a 
number of prints than a tray washer. 



f F 2. Mechanical washers use ^he principle of 
aeration to provide adequate print-agitation. 



T F 3. When the Pakolux washer is in operation, 
both the shut-off valve and drain valve should 
be fully open. 



T F 4. The vertical position of the Pakolux drum^ 
controlled by a foot pedal. 



T F 5. To fill the tank of the Pakolux, the drain valve 
must be opened. 



7-2. Print Drying 

The process of print drying is not the simple, 
uncomplicated task that it appears to be. It involves a 
combination of variables, most of which can be 
satisfactorily controlled. In this section we shall discuss 
basic drying principles and the operation of 
-mechanical dryers. 



456, Complete statements relating to the principles 
and problems of print drying. 



Print Drying Principles. The basic principles of 
''drying paper are similar to those of drying film. *hich 
we discussed earlier. The main difference between 
drying film and drying paper is that the paper backing 
contains a great deal more moisture than the 
transparent backing of film does. When you are drying 
transparent materials, your main concern is the 
removal of moisture from the emulsion. When drying 
papers, you are still concerned with removing the 
moisture from the emulsion, but you are also 
concerned with removing the large amount of moisture 
from the paper backing. Often you will find that 
removal of the water from the paper is a greater 
problem than the removal of the water from the thin 
emulsion. 

Common Problems Encountered in Print Drying. 
Some of the problems encountered in print dr> mg arc*e~ 
tied directly to specific drying methods, but other 
problems are common to all print drying. Let us 
discuss some of the common print drying problems. 



Curl As a print dries, the gelatin shrinks. The more 
it shrinks, the greater the tendency for curling. The curl 
is actually caused by the gelatin shrinking more than 
the paper backing. The most effective method of 
preventing curl is to dry the print in either an 
absolutely flat position or a position that causes the 
emulsion -to be stretched; lhat is, in.ajiosition. that is 
reverse to the curl inherent in the paper. If the print is 
allowed to'dry in this position, the tendency to curl is 
minimized. 



In extremely dry climates, you may need to use some 
additional treatment to prevent the loss of residual 
moisture for the gelatin. Special flattening solutions 
are available and help the gelatin to retain its moisture 
content. These solutions can be purchased from 
commercial sources. One such solution can be made up 
of diluted glycerin (a 10-percent solution). If you soak 
the prints for sufficient time to allow the flattening 
solution to thoroughly saturate both the emulsion and 
the paper bdfore you dry the prints, you can keep 
curling at a minimum. 

Shrinkage. The problem of shrinkage is not 
important for ordinary prints, but when the prints 
must be used for taking measurements or for 
assembling controlled mosaics (e.g., maps), shrinkage 
becomes very serious. Print shrinkage is caused by 
gelatin contraction and/ or paper contraction. The 
contraction makes the print surface occupy less area 
than it did at the time it was exposed. Dimensional 
accuracy can best be achieved by drying the prints 
slowly and by not subjecting them to any stress before, 
during, or following the drying process. When 
available, special dimensionally stable papers should 
be used. 

Cracks. Ifthe emulsion of sprint contains crack?, it 
very often indicates that there has been rough handling 
of the material. The improper handling may have 
taKen place before exposure, during processing, during 
drying, or subsequent to drying. If the emulsion of the 
paper contains the right amount of moisture, it can 
take a great deal of flexing without cracking. However, 
if the moisture content drops below normal the gelatin 
becomes quite brittle and may crack when it is bent. 
Excessive hardening of the emulsion and drying at too 
high a temperature may cause the gelatin to crack more 
easily. Cracks can result when a print straightener, 
which bends the print in a reverse curl around a roller, 
is set to bend the material too sharply. 

Change in tone (plumming). When photographic 
papers are dried by heating, they may change tone. 
They tend to change toward a coldjjr, more purple 
color. The effect is dependent upon the amount of heat 
used, the nature of the sensitized materials, and the 
tone of the image prior to drying* To prevent 
plumming, your prints can be soaked in an 
antiplumming solution prior to drying. % 

Changes in the appearance of the print surface. 
When matte and sejnimatte papers are dried by heat, 
the surfaces sometimes have a higher sheen than if they 
are dned naturally. Starch grains are included in the 
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emulsion to provide matting. The rising temperature of 
the paper causes these grains to burst While this effect 
may improve the appearance of some semimatte 
papers, it is normally considered detrimental for prints 
on most matte papers. 
NOTE. You will probably find that the new resin- 
, coated printing papers are free from many of the pnnt 
drying problems we have discussed. 

• Exercises (456): 

Complete the following statements related to the 
principles and problems of print drying. 

I. Drying prints takes longer than drying film because 
prints have a 



2 When the gelatin of the paper shrinks faster than the 
paper, the resulting print will have 



3. A solution is used in dry climates to help the 

gelatin retain moisture. 



4 If the emulsion becomes too dry, the paper is likely 
to when bent. 

5. Shrinkage is a serious problem in prints being used 
to make 



6. is a change in the print tone, usually 

resulting from drying with heat. 



457. Complete statements regarding the operation of 
print dryers. 

You will dry the majority 6f your prints by using 
mechanical dryers. Therefore, we shall cover the 
operation of a typical belt dryer suitable for all your 
conventional print-drying needs. You should note that 
when you are printing with resin-coated paper, the 
prints should be air dried or you should use the new 
type of dryers designed for resin-coated paper. 

Belt Dryers. The majority of prints are dried on the 
motornlriven, belt-type dryer. A belt dryer consists of 
a drum, over which a wide, endless cloth belt or apron 
travels. The drum is motor-driven and is usually heated 
by electricity. The drying rate for prints is regulated by 
the temperature of the drum and the speed at which the 
drum rotates. The drum temperature is controlled by a 
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thermostat, while the drum rotation speed is regulated 
with a variable-speed motor control and a speed 
reduction system. The prints are held in contact with 
the drum by fheans of the belt and are dried during the 
revolutions of the drum. 

The Ptkonomy Print Dryer, Model 26W. The 
Pakonomy Print Dryer, shown in figure 7-2, is typical 
of the print dryers found in base laboratories. Let us 
discuss its operation as an example of dryer operation. 

General procedure. To start the dryer, turn on the 
drive and heater switches. When the dryer is up to the 
proper operating temperature, prints may be placed on 
the apron for drying. It is best to run a few trial prints 
first to establish a suitable setting for production 
prints. Glossy prints are placed on the apron emulsion 
side up; matte prints, emulsion side down. 
- A pilot light is provided to indicate when the heater 
is operating. This light goes out when the heater attains 
the desired temperature setting. Two thermostats are 
provided: a control thermostat for manual setting of 
the required operating temperature, and a safety 
thermostat inside the heater unit, which prevents 
damage in the event of the failure of the control 
thermostat. The safety thermostat is preset at the 
factory at approximately 200° F, and no further 
adjustment is required. 

For normal operation, set the control thermostat to 
190° F for the initial run. Subsequent experience will 
suggest variations, in conjunction with apron speed, to 
secure optimum performance under variables of paper 
weight and humidity. 




The water circulating unit, containing the heater, is 
provided with an ON-OFF switch and a thermostatic 
temperature control. The motor drive unit has a 
similar ON-OFF switch and a rheostat-speed control. 

With the heater switch ON, the heating elements are 
on unril the drum temperature reaches the level set by 
the control dial. The control thermostat then 
automatically turns the elements on and off to 
maintain the required temperature. 

Apron tracking adjustment. Before starting up the 
dryer the first time, it is advisable to check out the 
apron tracking adjustment. Insure that the dryer is 
standing square and level. Then proceed as follows: 

; I) Turn on f he drive motor switch. 

(2) Set the collars on the apron guide shaft to allow 
a 1 <4-mch clearance for each edge of the apron. 

(3) When running, the apron will slowly drill .»way 
from the tight side. Correct this drift by turning the 
adjusting screw on the right table arm. 

(4) When the apron appears to be centered, run the 
dryer for an hour to see* whether further fine 
adjustment is needed. 

(5) Should the squeegee roller rub on the lever s 
bracket, you can remedy the problem by compressing 
the collars on the ends of the roller to secure the 
necessary running clearance. Avoid excessive 
compression, as this may cause a hump in the roller. 

(6) Check the apron rollers for free running. 
Binding rollers may cause apron friction and generate 
troublesome static. 

Heat and speed settings. Many factors influence the 
volume of prints dried. These include: 

a. Type and brand of sensitized material to bedried. 

b. How weiLthe prints are processed. 

c. Room temperature and humidity. 

d. Maximum practical drying temperature for 
specific print material. 

e. Draining and handling of prints prior to frying. 
/ Your operating procedures and cleanliness, 

especially of the apron. 



Stopping the dryer. To stop the dryer, first turn off 
the heater. Run the dryer for at least 5 minutes, and 
then turn off the drive motor. A badly scorched apron 
may result if the motor is switched off too soon. 
NOTE: Never turn on the heater unless the drive motor 
is running. 

For best results, always consult the relevant 
technical order for the dryer that you are using. 

Exercises (457): 

Complete the following statements related to belt dryer 
operation. 

1 . Matte prints should be placed emulsion side 

on the apron. 



2. Glossy prints should be placed emulsion side 
on the apron. 



3 Glcssv prints are dried at a rate than matte 

prints. 



4. The pilot light on the Pakonomy dryer goes out 
when the heater reaches the 



5. Electrically heated is the Pakonomy Dryer's 

source of heat. 



6. rollers may cause apron friction and 

generate static electricity. 



Adjust the heat and speed settings so that prints drop 
from the drum as they emerge from the apron with no 
evidence of dull spots or fleck marks. As a guideiine, 
the following speeds are recommended (speeds are set 
by the rheostat control on the front of the drive unit): 

a. Black-and-white single-weight, glossy— 30-36 
in/min. 

b. Black-and-white double-weight, matte— 20-24 
in/min. 

Do not attempt to use excessive speeds; otherwise, 
not all prints will dry adequately. Strive to maintain 
constant speed and temperature settings. Normally, 
once a suitable setting is found, it is necessary to 
change speed only if prints of a different weight or type 
are to be run. 

If a pnnt sizzles when first set against the drum, the 
heat setting is too high. Turn back the thermostat 5° at 
J a time unttl prints no longer* sizzle. 
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7. The drive motor should continue to run after the 
has been turned off. 



8. Room 



.and 



. will affect your heat and 



speed settings. 



7-3. Toning Print* 

Print toning is a process for changing the overall 
tone of a black-and-white print by using the 
appropriate solutions after the print has been normally 
processed. Ycu may rarely be called upon to tone a 
print, but it is a useful technique which may enhance a 



particular j>rint. It ma£ bc^anJdeaLtechnique for 
preparing a~pnht Tor display. 



458. State principles and describe procedures related 
to the toning of prints. 

Basically, there are two categories of chemical 
toning. One method is toning by replacement of the 
silver image with inorganic salts found in sepia toners. 
Another method is toning with dyes such as methylene 
blue. Within these two categories are a wide variety of 
chemical formulas and toning processes. Generally, 
the processes break down into two broad categories, 
direct and indirect toning. In direct toning, the print js 
treated directly in a toning solution. In indirect toning, 
the image is first bleached and then toned. 

It is not possible to discuss each type of toner here as 
there is such a variety of them, but it is important to 
consider several general principles that apply to any 
type of toning that you may try. Consider the 
following: 

a. Select a good print to be toned — one in which 
toning enhances the image. A bad print (poor 
composition, poorly processed, etc.) is not improved 
by toning. 

b. Because it is difficult to spot a toned print, make 
sure that the print is free of dust spots. 

c. Carefully select the tone or combination of tpnes 
that you are going to use. The tone{s) should enhance 
the subject matter. For example, blue toners are ideal 
for snow scenes or water pictures. Brown tones 

' enhance scenics. Red tones may improve a desert 
picture, etc. 

d. Follow directions! This is the key to success in 
toning. You must follow the directions not only in 
mixing the toner but in using it. For example, each type 
of paper is suitable for only certain toners. Too many 
technicians tend to use any toner they have with the 
paper they are using and then are disappointed with the 
result. Furthermore, if you decide to tone your print, it 
may have had to be processed to a certain density. 
Many toners tend to add overall density to the print, 
while some that use a bleaching step tend to reduce 
overall density. 

e. Tone only one or two prints at a time. Constant 
agitation of the print(s) is important to prevent 
staining. In addition, the longer the print is in the 
toning bath, the darker the tone. You, therefore, have 
to be able to judge the print quite carefully to get the 
desired result. 

/ Washing is important. If a bleaching step is used, 
the print should be washed for 5 to 15 minutes priorto 
toning. After toning, the print should again be washed 
for 5 minutes or more. Prolonged washing after toning, 
unless called for by the directions, often lightens the 
toning effect. Do not wash your toned prints in 
washers that are being used for untoned prints, as the 
latter may be affected. 



g. How the toned FrinTtrdneffTTv^ 

Air drying a print leaves a bright tone. A cool 
ferrotyping can cause the tone to darken. A high-heat 
ferrotype either darkens the tone considerably or 
causes it to become muddy— depending on the toner 
that was used. 

h. Keep safety in mind. Toners are often madeitp 
from very poisonous chemicals. It is therefore safer to 
use prepared toners than to mix your own from the 
Photo Lab Index formulas. In either case, it is a good 
idea to use gloves and a face mask to protect yourself 
from chemical hazards. The room in which you work 
should be well-lighted and very well-ventilated, as 
some toners give off hydrogen sulfide or other fumes. 
(Along this line, jdo nottone in a room where sensitized 
materials are being dKred or used, as they may be 
affected by the toning fumes.) 

Toning can add to the overall appearance of your 
print in a dramatic fashion. Through experimentation 
and practice, you can add toning to your "bag of 
pricks." 

Exercises (458): 

1. What are the two basic methods of toning? 

* 

2. Which method of toning requires a bleach step? 



3. Why should the print you tone be free of dust spots? 



4. What is the primary criterion for selecting, a 
particular color of toner? - 



5 Why can ypu tone only a couple of prints at a time? 



6. What may happen if you use high heat to dry your 
toned print? 



7 Why should you use a face mask and gloves when 
you are toning prints? 



7*4. Mounting Prints 

For exhibition, display, and handling purposes, a 
print, is usually mounted on a stiff board that sets off 
the picture by a broad border and also protects the 
edges of the print itself against damage. 



459. State principles related to print mounting, and 
describe procedures and materiab that are used to 
mount prints. 

Mounting Principles. In preparing a print for 
exhibition or display, the objective is to show the print 
to best advantage. Simplicity is essential in doing this. 
fiiny elaborate artwork, such as colored borders or 
fancy lettering, often detracts from the main point of 
interest, which, of course, is the print image. 

Prints for display purposes are generally mounted 
on special cardstock to make them stand out from their 
surroundings. The cardstock is available in various 
sizes, colors, textures, and weights. While no definite 
rules can be given, you should use a mount that 
compliments the print. The mount should be large 
enough to balance and amply support the picture, 
while the texture and color should lend themselves to 



the overall tone. (Before using colored cardstocks, try 
plain black or dark gray and see how well your work 
will stand out.) 

The placement of the print on the mounting board is 
of utmost importance. Prints mounted at strange 
angles or in a corner of the mount are not generally 
acceptable. The prints should be placedonthe board in 
such a manner that the borders on the sides are equal 
and, when possible, equal to the top border. For good 
balance, the bottom border should be about one-third 
wider than the top and sides. See figure 7-3 for the steps 
you can follow in placing your print. 

Adhesives. The adhesives used for mounting prints 
are of two types: wet or dry. The liquid adhesives 
generally used are photo paste, glue, gum arabic, 
rubber cement, or the new types of pressurized spray 
fixatives. When you are using these wet adhesives, it is 
almost . impossible to prevent some staining or 



STEP I. PLACE PRINT ON UPPER 
LEFT CORNER OF THE MOUNT 
AS SHOWN BY OOTTEO LINE. 



STEP 2. OIVIOE THIS DISTANCE 
N HALF ANO ORAW A FINE LINE 
A B") DOWN THE MOUNT. 



STEP 3. OIVIOE 
THIS DISTANCE IN 
HALF ANO ORAW 
A FINE LINE 
ACROSS THE 
MOUNT <C O) 




STEP 4. DRAW A 
FINE LINE FROM 
POINT 0 TO F. , 



STEP 3. MOUNT PRINT WITH RIGHT 
SIDE ALONO LINE AS ANO LOWER 
RIGHT CORNER AT POINT 
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.Figure 7-3. Positioning a print on a mount. 
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smearing of the mounting board around the edges of 
the pnnt Furthermore, often these glues dry out and 
the print may loosen and peel off the amount, 
therefore, you should use a wet mount only for 
temporary displays. 

Pry mounting is therefore preferred by the careful 
worker. For a temporary dry mount, you can use 
double-sided self-adhesive tape. A length of this may 
be applied to the top edge of the print, or shorter pieces 
to the four corners. The protective backing of the tape 
is then stripped off, and the print placed in position on 
the mount. 

For a permanent bond, you can use pressure- 
sensitive adhesive sheets that require no additional 
equipment or heat. To use this material, you oimpl> 
peel pff one side of the protective sheets and app*y it to 
the print. Then peel off the protective sheet on the 
other side of the material and mount the print in place. 

The traditional method of dry mounting prints is 
done by using dry-mounting tissue, a tissue paper 
coated on both sides with a shellac type of adhesive. 
The tissue is dry, thin, not sticky, and very easy to 
handle. Furthermore, it is odorless and chemically 
inert so that it will not stain a print. Being moisture- 
proof, it will not wrinkle a print. It is well suited for 
either double-weight or single-weight prints, and it 
gives a strong, flexible, and very permenent bond 
between pnnt and mount. Because the dry mounting 
process is clean, simple, and efficient, it is the method 
you will most likely be using in your work. (Dry 
mounting procedures will be discussed further when 
we describe the operation of a dry mounting press.) 

Exercises (459): 

I. What should be your basic concern in selecting the 
cardstock for mounting your prints? 



2. List the .five steps to follow when you are 
positioning a print on a mounting board. 



3. What are disadvantages of using a wet mount? 



4. What are the primary advantages of dry mounting? 



460. Explain procedures related to the operation of a 
dry mounting press and the process of dry mounting. 

Dr)\ Mounting Press. The dry mountjng press is an 
efficient and simple implement for providing 
attractively mounted photographic prints. Heat is used 
to fuse the dry mounting tissue between the print and 
the mounting surface. 



Figure 74 shows a Type A-2 dry mounting press, 
which is typicai of the kind available in many labs. 
With this type of press, both the heat and pressure that 
are required for mounting are provided. For dry 
mounting black-and-white jnints, the press 
temperature should be set at approximately 235° F. 
For extra-heavy material, set the press at 
approximately 275° F. (For resin-coated paper, i 
consult > our instruction sheet for proper dry mounting J 
procedures.) This type of press is equipped wulr^ 
indicator lights. A green light glows when the set 
temperature has been reached. A red light flashes u oiT 
and "ofF approximately once every second when the 
press is closed and provides a means for timing. Check 
with the applicable technical order or manufacturer's 
instructions for the operating procedures for your 
particular unit. 

Mounting Steps. The dry mounting process is easy 
and requires few operational steps. Before doing any 
actual mounting, prepare the press and dry the cover 
sheet used to protect the print in the press. A piece of 
heavy paper, a medium-weight piece of cardboard 
with a smooth finish, or a photographic blotter works 
well as a cover sheet. Place the cover sheet on the pad 
and bring the heated platen into contact with it. 
Allow the platen to remain down for 1 or 2 minutes to 
remove ail traces of moisture from the cover sheet. 
Follow this procedure whenever there is a possibility 
that the cover sheet has absorbed moisture from the 
air. 

Place the untrimmed print face down on a table and 
put a piece of dry mounting tissue, slightly larger than 
the print, on top of it. Tacl$ the dry mounting tissue to 
the print by drawing the beveled edge of the tacking 
iron (shown in fig. 7-5) across the tissue at several 
points. With the mounting tissue thus secured to the 
print, turn the print face up and trim it to its final size* 
trimming both print and tissue simultaneously. (Watch 
your fingers when you are trimming!) 

Holding the trimmed print in the desired position on 
the board, tack the print to the board in at least two 
places. This practice will insure that the print will not 
move on the board when you are using the press. 

Place the print and board oil the pad in the press so 
that tne print face is up. Cover the print and mount* 
with the dry cover sheet. Apply pressure and heat by 
lowering the heated platen and locking it in the down 
position. After 10 to 20 seconds, release the pressure 
and remove the print. To test for permanent adhesion 
between the print and mount,.allow the print to cool 
and then bend the mount backward away from the 
print. If the print does not adhfcre to the mount, a 
further application of heat is necessary. 

The amount of heat applied to a print is important. 
Insufficient heat does not adequately fuse the adhesive 
to the print and to the mount, -and the print may peel 
awa> from the mount. Top much heat melts the 
adhesive and allows the paper of the print and the 
paper of the mount to absorb it. As a result, the 
bonding between the print and tissue and between the 
mount and tissue is not good enough to hold the print 



TEMPERATURE CONTROL 




Figure 7-4. Dry mounting pre^s. 



Since the mounting rime varies according to the 
conditions and materials, you will need to experiment 
to achieve ideal bonding. 

To mount prints larger thanthepla ten, make several 
impressions by moving the print so that each portion 
receives an equal application of heat and pressure. 

NOTE: Remember proper safety precautions when 
you mount. Tacking irons and' presses generate high 
temperatures, which can cause serious burns. Be 
careful when you use these tools and do not leave them 
unattended. When you are finished, unplug the 
equipment and leave a ''HOP' sign to warn your fellow 
workers of possible danger. You will also be using 
paper trimmers. Remember to Jeave the trimmer 
properly latched when you are finished. 




Figure 7-5. Tacking iron on stand. 



Exercises (460): 

1. What ts indicated when the green light on the A-2 
dry mounting press glows? 

2. What temperature is used for mounting single- 
weight black-and-white prints? 



3. Describe how to prepare a print for dry mounting. 



4. Why is it important to use the right amount of heat 
when you dry mount?* ^ 



7-5, Spotting Prints 

Prints are spotted to eliminate white or gray marks 
caused by dust, lint, and other similar particles that 
may have adhered to the negative. Black spots caused 
by pinholes may also be eliminated. All print surfaces 
may be spotted. Spotting is necessary to some extent in 
the majority of prints/ Spotting is also performed for 
the purpose of correcting or toning down certain areas, 
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such as highlights, which appear too bright in a print 
and which would be difficult to remove from the 
negative by etching. 

In this section we shall cover the basic' tools, 
materials, and techniques used in spotting prints: 

461. Complete statements on the tools, materials, and 
techniques used in spotting prints. * 

Toots, To do print spotting, it is a good idea to have 
a clean, well-lighted working space. Light should come 
from the le/t (from the right if you are left-handed), or 
from behind you. Light coming from above or from in 
front of you causes disturbing reflections on the print. 
You should have a work bench or a-drafting table to 
work on.<> Work only with completely processed 
unmounted prints. It is also a good idea to have a 
vareity of tools at close hand. Following is a discussion 
of the major tools and supplies you should have 
available. 

Spotting colors. There are a variety of spotting dyes 
or water colors, whicti'are either liquid or cakes. These 
can be mixed and diluted. to achieve tones that match 
the spot to the surrounding areas. - 

Small water glass. To mix the colors, you need a 
small glass to hold your water. 

Brushes, A good selection of sable brushes is needed 
to supply the spotting colors. 

Photo blotters. Good photo blotters are helpful to 
wipe up any access moisture on the prints. 

White paper. White paper is used to shape the point 
on your brush when it is loaded with color. It also 
provides a good check to see that the color is exactly 
what you want. 

Lead and carbon^ pencils and crayons. A good 
selection of pencils of different degrees of hardness is 
essential, Carbon pencils ait useful for 'spotting matte 
prints. Artist-type crayons can also be used for" 
spotting. V 

Sandpaper. Sandpaper is helpful in keeping your 
pencils sharp. 

Etching knives. An etching knife can be used to cut 
away or tone down dark spots. * *> 

Retouching Techniques. Retouching takes practice 
and patience to achieve. After doing it for several 
hoih^jj/uWill want to correct the cause of the spots 
rather thanViaster the curt. «■ v 

-Spoking with water colors or dyes. Water colors qf 
dyes can be applied to any type of surface. With water 
colore, the technique is to moisten the brush-apjtotroke 
it half , dry on a piece of white paper. Then takeup the 
color from the cake of dry water color, and turn the 
brush on a piece of white paper. This technique helps 
get a fine point and at the same time indicates the 
strength of the color. Then just touch the spot on the 
print with the tip of the brush. Start with the darker 
areas first and then work to the lighter ones. 

Retouching dyes^unlike water colors, are solutions. 
The dye should be diluted in the brush while the brush 
is semidry. Apply t^e dye repeatedly to the spot until 
the latter disappears into its surroundings. ** 



Black spotscausj:d by pinholescan be .corrected with 
white dyes, which then can be blended to cover over the 
spot. (The easiest solution to pinholes is to opaque the 
negative and then retouch the white spot on the print.) 

Pie key to the use of water colors or dyes is the 
matching and blending of the color to match the 
surrounding area. Also, when you are spotting glossy 
prints, make sure that you use dyes specifically meant 
for glossy finishes: otherwise, the spotted area will 
look dull in comparison ot the surrounding area. 

Spotting with lead and carbon pencils and with 
crayons. The use of pencrls or crayons may be suitable 
for covering over a few Might spots. If you are 

. retouching glossy prints, you first must use a 
retouching fluid to provide a rough surface for the lead, 
to hold. Unfortunately, the use of retouching fluid 
leaves a dull spot, which may detract more from the 
print than the spot that is being retouched. Papers with 
matte surfaces accept lead and crayon. A couple of 
warnings are in order. Pencil lead tends'to leave a 
bright sheen s that stands out: The sheen can be dulled 

, by rubbing &with your fingers. Another problem with 
lead is that there is a tendency for it to smear or to rub 
off with handling. * „ " * \ 

Etching. The use of an etching knife to lighten dark % 
spots takes' quite ^a bit of skill. Once the dark spot is 
removed, it can be spotted with dyes or pencils as the 
' case may dictate. Remember that with glossy prints 
you will remove the gloss, causing a dull sjiot. 

Exercises (461): 

Complete the following statements on the tools, 
materials, and techniques used in spotting prints. 
1. When doing spotting work, your working light 

should come over your ^ shoulder if you are 

right-handed. 



-brushes are used in spotting. 



3. Carbon penciis are mainly used to spot 
prints. 



4. Pinholes are tirst corrected with dye. 



5. When spotting a glossy print, 
or else the spot will look — 



you need dyes 
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6. Materials that can be used to spot colors on any 
type jtf surface are and 



« 7-6. Protective Rnkhe» 

By now you have spent several hours of work 
producing a top-quality print. To protect your 
investment Against scratches and abrasions, you 
shotuld use a protective coating. 

462. pcscribe the purpose of using a protective finish 
and explain how a spray finish should be used. ~ 

There are a variety of commercial lacquer-type 
spra> s. which can be applied to any type of print. These 
sprass, besides providing protection, can also be used 
to impart a matte or glossy finish to the print. In 
addition loathe sprays, you can apply wax with a soft 
cloth or 'drmsh 'Aith a brush. 

Since soravs arc very common, let's briefly discuss 
how the) are used. First, the spraying should bedor.e 



in a well-lighud and ventilated room. The room must 
be very well-ventilated because the spray fumes are 
toxic. In addition, the room should be free of 
equipment or materials. Cameras, dryers, printers, 
lenses, etc.. can be ruined by the spraymist. Finally, the 
spray can should be kept away from the heat, which 
can cause a can of spray to explode. 

To use the spray, shake the can according to 
directions and then hold the nozzle about a foot from 
the print. Spray in an even, sweeping motion. It is 
better to apply two thin coats than one thick one. A 
*thick coat may leave an orange-peel effect. Practice on 
an extra print* before using the spray on your 
masterp.ece. 

Exercises 462): ^ — / 

I. What are two reasons for using a spray finish? 



1 Brief!) describe how to apply spray to a print. 
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ANSWERS FOR EXERCISES 



CHAPTER I 



Reference: 
400 . I 

400-2 
400 -3 
400 -4 



401 
401 



401 - 3 

401- 4 
40! - 5 

402- I 
402- 2. 

402 -3 



402 * 4 
402- 2 



FoUowmg directions is necessary to insure proper quality 
and safely 
Water, temperature 
Ingredient, water. 

Quick reference, backup source of information 

Mix 25 grams of hydroquinone into 100 cc of water 
Mix one pan D-72 with 3 pans of water All pans must be 
measured with the same* weighing system (e.g*. ounces). 
20° C J 
122* F 
20 percent 



Metric or avoirdupois f 
The smaibr the quantitv to be weighed, the greater must 
be the accuracy of'the balance 
a Sliding; 'infoi vidua L 
b Paper 
c Tnmming 
4 UK-rund 4 
c H»gnt-oarM ^„ > » 

That the material,** men to the chemicals that *ui be 
measured 

15. t 



^403 - 1 Formula and proprietary 
403 - 2 Packaged chemicals are easy to store, handle and mix: 

and the> provide consistent quality 
403 - ? Follow directions 

403 - 4 lif? wclMighied and ventilated room * 

Bulk chemicais permit > ou to prepare solutions v ou rarely 
use or those which are not available in packaged form 
You wiU therefore be able to meet special mission 
requirements vou would otherwise be unable to meet. 
USANSi Photo Grade. 

Technical grade chemicais c3n be used after they have 
been thoroughly t&ted and found to be satisfactory 
. Buik chemicals should be stored in dark stoppered bottles 
or )ars that .are shelved in a cool dry puce away from 
sensitized materials. All containers should be properly 
UDeled 

To take advantage of bulk chemicals. > ou need a properly 
stocked chemical mix section An accurate balance, 
graduates, thermometer, and stirring rods are a few of the 
basic items that are required , \ 
Acid should always be slowly added to the w H*r If water 
is added to an acid, tremendous heat can be ge n cf a icd. 
boiling and splattenng may result, and you may suffer 
senoia burns 



404 - i 



404 - 2 
404* 3 

404 - 4 



404- 5 



404 -6 



405- 


\ 


50 


405- 


I 


Valve B 


405- 


3 


Air 


405 • 


4 


Open. 


405- 


5 


Redrculaung. 



I, CHAPTER 2 

406 • 1 The purpose of each processing step is as follows: 

a Developer — To reduce the exposed silver halides to 
black metallic stiver, thereby producing* 
visible image. 

b Rinse — To stop or retard development in order to 

prevent overdevelopment, 
c Fixing— To make the developed image permanent by 

dissolving undeveloped silver halides. 
d Wash— To remove all of the cherrocal concentrations 

remaining in the film in order to prevent future 

discoloration. 

e Drying— To make the film ,hard and durable for 
^handling. 



40 7 - 1 I sing film hangers and a tank. 

407 . 2.' Ron film is normally processed by rolling it up on a reel 

and then putting the reel into a tank. 

408 • I To transmit the maximum amount of light that can be 

iiyed »afeh without damage to the sensitized matenals 
being handled 

408- 2 a '}) ^ 

b i\) t _ * 

c <2i /' 
d. *4i. - 
40* -3 If vou use too v?rt£ht a bulb, u ma> damage the safclight 
filter and may fog the -matenals. 

j-} . 1 \n rjer.y darkroom is essenUal for workmg effecuvcly 
mo *aiel> in total darkness 

409- 2 A dirty tray w ill contaminate the solution poured into iu 

and the result will be poor quabty processing- 
Mj9 - 3 P*e>oa*.ng mm prevents the sheets from sucking together 
romotes eveniievelopmenL 

409 - if ii -^n t -ount the film as you move from step to step, 

ifcere is u .nance vou will not give each sheet the same 
amount of processing- " - 
409 . 5 Gai bem formed on the film surface can cause dark spots 
?ecause the developer continues to work underneath the 
f*ci*s 

409 - *>- 3v , nsurin* complete changes of wash water, you will 

prevent contimmates from settling on the bottom of the 

u ash iray 

410 - I ^ ou need to agitate pack film in order to prevent it from 

kicking together 
410 - 2 Pack film is much thinner than regular sheet film It is. 
•rvereiore. more difficult to handle and it can be easily 
scratched*? < 

410- 1 Trav processing of roll film creates very awkwartU- 

nanoling situations. The long roll must be handled from 
bmh ends and passed through the solution. There is a great 
•;».ciihood of scratches and uneven development. 

4M-1 Tank and hanger processing requires less direct handling 
cl »n<> film, makes solutions usable for a longer period of 
:irne. and insures more even processing. 
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411-1 A film hanger ss simply a channeled frame suspended 
bcjow a bar. The bar is long enough to reach across the 
tanVand allow the film frame to hang below the surface 
of theyolution The frame has channels on the bottom and 
both tides, as well as a hinged channel across its top, 

4M • 3 The/mmerston of the hanger should be done slowly and 
smoothly in order to prevent splashing and the formation 
of air bells 

4ii 4. The paxiera of zgiuiion is lo lift the hangers up. nil ihcm 
90° ko the left. and return the hangers to the solution/tken- . 
hu them out. tilt them to the right, and return them to the 
solution 

411-5 If wet film is dried in a hanger, drying marks will form 
along the edges, thereby reducing the usable negative area 

411 - 6 The only difference is that pack film require? a different 
t>pe of hanger 



rhe ngh: amount of tension must be applied to make sure 
that the film feeds into the reel properly If >ou use too 
much tension, the film will overlap, if >ou don't use 
enough tension, the film will skip. 
3> having the tank fifled,with developer. >ou wiU better 
msure even development 

Bv using a clip on the free end :o act as a weigh* 



Time, temperature 
I seless 

Swelling. 

Inspection 

Reticulation 

l~ne f jrposc of agitation is to cause a more rapid e.\cnang; 

?i :~e used solution absorbed into the gelatin and the 

■resn solution from outside the gelatin 

An underdeveloped negative— a negative that lacks a 

cood, tonal vcale detail, and contrast 

3v racking merr emulsion side up. in the tray and rotating 

•nem from the bottom to the top. 

T he basic different : is that tra> agitation requires 

vontinuous agstai'on whereas lank agitation is 

-nterrhment 



i4i 
1 5) 



4t 
Ijf 

ill. 



4*6 • I fr.e :hree purposes of a >top bath are to stop i*r/etard 
development, to prolong &e Itfe ot the fixing 6at£ and ;o 
prevent >tains 

416 - Z vVater and 2S percent acetic acid 
4*6 • 3 Piain water, acid, and hardening. 

416-4 The primary purpose of a fixing bath istomaketheimace 

permanent by dissolving undeveloped silver halides 
416-5 Plain, acid, and acid hardening. 

416-6 Water, sodium thiosulfate. acetic acid, sodium sulfite.und 
potassium alum 

4P * I ^ A black-and-white positive can be made bv contacting the 
original negative with copv film and then processing the 
fJm in the norma Una nner. following the directions for 
the specific tvpe orfilm 

41 7 - 2 To prevent buckling of the film when the film is subjected 

"o the heat of the projector 



414 • I 
? 

4iJ . : 

4U . .1 
414 . 4 



• 41 < - I 



CHAPTER 3 

41&- I Rapid, warm, 

418-2. Lcsn 

418 3 Higher, less 
418-4 0 005 
418-5 Trav 
4(8-6 Tank 

4.J9 • 1 \v hrtp prevent uneven drying that co.uld cause water 

» vp0U -\ 

419 - 1 Prepare a 2-perccnt ^iution orVetung agent by 

following appropriate Jirections. 1 r^rVoathe the turn in 
the solution for about 2 minutes. Drain the film and 
sponge c'f anv excess hqrid The film is then ready to be 
Oned. 

420 • I On. warm, circulating 'air— air that contains a lower 

.ciati.e percentage of moisture than the gelatin.' 
420 • 2 In the direction of the dry areas. 
420 - 3 A low-himiditv environment. 
420 - 4 The .clocitv. temperature, and hUmiditv of the air. 
420 • 5 Damage to the emulsion 

420 • 6 Bv attaching a film clip to the bottom of the film. 

420 • 7 Watcrspotscancauserxrmanentcrater-likeformationsin 

the emulsion, which will show up in a print. 

421 - I Clean 
421 - 2 100 

421 -3 Dra.ned 

422 ■ I To, reduce the,densiiv io«^BiicUlar j>art of a negative. 

422 - 2. a Large 

b Etching knife 

C\ Easel 

d- One 

e Light 

t Retouching 

423 - I To eliminate pinholes or small transparent spots in the 

emulsion. 

423 • 2 To cover areas of the negative that you don't want to 
appear on the print. 

423 - 3 a White 

b Base S** 
c bmall %ok 
d Opaque 
e Sodum sulfite 

424 -j \ctuc acid. 4. 6 , 
424 - 2 Double 

424 - 3 - Salts 

-* • 4 Ammonia 
,4* .5 Pure 

42' . ! Mo >:tire strong tight, and heat 
^ - 2 Between 40 and 50 percent. 

425 - } The formation of fungus on the film. 

425 • 4 Storage cabinets should be raised so that the lowest shelf 
*r afawer is at least 6 inches off the floor in order to 
pre* em anv possible water damage that may be caused by 
* 'i^odips oi sprinkler discharge, etc. 
425 '5 T i remove du^t and reactive gaWs, 
425 - f *f, -w. eood idea to make a duplicate negativcand use that. 
AftuC (Tung awav the master 




CH M^TER 4 



42* • ! H" •**, u Ptrcw 

42f^ - 2 CJil.»r.Jc pipers 

426 - * Chic ,Ue p.i^rx 

426 • -5 vi.vf m • .Jc .md 



^lorohromide papers 
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427 - I I Solt. 3 - Moderate high contrail, 5 \ cry-high ■»» - I Dust and lint will cause the projection light to be diffused. 

contrast causing white spots to appear on the pnn(. Dust and lint 

427 . "> No 2 * can Dru5ned » wiped, or blown off. In more difficult 

427 - 3 By matchpg the negative to a certain grade of paper cases, the negative may need to be cleaned with alcohol or 

(Contrast control through development is mainly used negative cleaner. 

with certain monocontrast papers ) W ■ 2 The negative and the paper should face emulsion to 

emuision, 

4^S - L One aei ot haiides is sen^e lo biue-vjoiet l<ght, *thle 43$ . 3. Juc Ajjiage size is controlled by the distance from the lens 

another set is sensitive to yellow-green light and the paper. This can be changed by raising or lowering 

42S - 2 A set of appropriate printing filters the printer head. As the distance increases, the image size 

_ _, increases 

429 • I a Number 2 (or no filter) 43g . 4 Hortzonu , zn j vcn ,caL 

D ^ um J* r 4 - 438 • 5 In projection printing, you have control over the image 

Number 1 m >i ? c. and vou can casilv change the format. This flexibility 

429-2 &*om number I (light vellow) to number 4 .dark IS not available in contact pnnting. 

magenta), with interval* ot 1 2. 

429-3 Because variable -contrast paper is >ensitive to green. u>.ng 439 -1 Negative, paper 

this vcitow-green filter would cau,c toeging ,A\9 - 2 Opaque leader material. 

4*9 • 3 fne upe vvitjia fixed frame and the tvpe with adjustable 

4*0 - I The tmtsh and texture of the paper masking strips. 

430 - - The papcrS surface controls the amount of light that is 1 

refketed irom ihe print, ihercbv transmitting or obscuring |uij \ i I"v*i >inps are used to calculate printing exposure and to 

4eta»i It ts therefore important 10 m itch the surface to the ( determine the correct paper grade or variable-contrast 

tvpe ot image >ou wish to convev \ filter to use, 

440 - ?vTest itnps are economical because several can be cut from 

4^ . j c onVsheet of print paper This procedure is far cheaper 

, _ than making tests on full sheets of paper 



431-3 b 
431 -4. a 
431 -5 * 
431-6 b 
431 a 



440 - 3 Inspect the highlightareas of the test strip carefully. The 
highlights should be slightly darker than unexposed paper 
and have some detail f » 

.UO - 4 Carefullv examine the shadow area of the test stnpljEat 
has the correct highlight exposure, If the shadow area of 
this test is too light, the paper does not have sufficient 

432-1 Edges contrast If the shadow area is too dark, the paper has too 

432 - 2 Front - much contrast 

432 -38 

432 -4 Uoinure. iieht. heat, chemicai fumes, careless handlhng 

43^ - 5 "0° F 441-1 The purpose of dodging is to reduce density in a particular 

area of a print 

441-2 Bv turning off individual printing lights. 

j 441- } To add density in a local area of a print. 

441 -4 To burn-in during projection printing, you first make your 
C HAPTER 5 S^sic overall exposure. You then make >our additional 

exposure, using a piece of cardboard with a hole in it. The 

433 - I Purpose, tone • hole will pass the light to the area that needs additional 

433 - 2 Quality, texture exposure white holding back light in those areas that don't 
4*3 - 3 Test strips need anv more. ^ 

4 , 4 ( p , 441-5 If >u do not move vour do</gmg or burning-in tool during 

4U ! 2 Individual lamps c *P asurc ' an oullmc of lhc 1001 wlH * " prmlC<r 00 lhc 

434 - 3 9u ? aDCf < 

4U - 4 Rltcr 442 -1 Tone is the overall color of the image produced by the 

434 - 5 DiJfusion paper Some papers produce a warm tone, while others are 

*J5 I The negative and the paper should be placed emuision to f7iycn coldcr 

emulsion, with the negative laid emulsion side up on the u: m , prml c6nlfast w , hc dlffcrcncc tewen ' lhc highlights and 

contact printer gUss. the shadows of the print image. The greater the difTerencc, 

435 - 2 Examine the paper carefullv the paper wiD have a slight # the higher the contrast 

curi toward the emulsion, and the emulsion side » ill reflect u2 . , rhcVinafappearance-of the pnnt will depend as much on 

, more light , ;he tvpe of paper that is selected, the choiccof developer, 

435 - 3 The sizes of the images should be the <ame ^ m amJ CQn||as| con(ro , tcchniquc$ M on lhc 
43< - 4 Bv contact pnnting strips of roll fflmntsativesor a couple quai of ^ M , 

of cut film negatives on an s x 10 sheet ot paper u2 m 4 the mherentcontrast of the negative.the cho.ceof graded 

436 - 1 Lens-to-negauve paper or variable-contrast filter, and your developer. 
436 - 2 Diameters. ' ' Mission requirements are the reason why you are 
43$ - 3 Dust Jess, glass -sandwich producing the print The requirements of the mission will 
436 • 4 Diagonal. influence the choice of paper and your pnnting 
436 - 5 Smaller techniques If your product does not meet mission 

436 • 6 Condenser requirements.^ou have not been successful. 
4}6 - 1 Diffusion , 433 - I a 4 

43" - I 100 b J 

43"'-: 4x5 " ' c \ 
43" - 3 ^anable-contrast 

43 7 - 4 Classless . 1 ! . 
4P.3 Reverse 44 ' ' 1 R% " Us * Ullen 
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443 • 3. The filters should be dean and m good orde/. If a filter 
fades with age, tt must be replaced. 

443 - 4. Argon lighting is very rich in blue and, therefore, doesn't 

haw the green spectral quabrt neccssarv^dr variable- 
contrast paper. 

444 I The horizon line should be (evel and should not div ide the 

picture in half J 
444 - 1 Live subjects should be looking into the picture, not out of 
it. 

444 - 3 As cropping guides, which you can use to determine the 

best picture crop. 
444 4 When you are projection printing and need to have a 

bigger image size. 

444 - 5 The subject (Tall, thin subjects are best shown vertically, 

while broad subjects appear better horizo^^y ) 

445 - 1 Small. 
445 - 2. Upward 
445 - 3 Small. 
445 • 4 Large. * 

445 - 5 Two. 

446 - 1 First you contact the original with a sheet of coto film to 

produce a positive With the positive, you cjn then 

produce as many duplicate negatives as you ne 
446 - 2 In projecuon printing, you can produce a master that is' 

cropped, dodged, and burned in 
446 - 3 The limited selection of film sizes and more involved 

processing 



CHAPTER 6 



44^-1 A detinite routine results m less waste, is not as tiring, and 
is also safer 

44" - 2 A temperature ot ~0 5 F provides a comfortable working 
environment and i> an aid in maintaining proper solution 

temperatures 

44" • * The two tvpes are a J,>ck and an interval timer The clock 
cS jsed to time tne processing steps. The interval umer is 
u>ed to control pnnt exposure 

44" - 4 \ du need two sets in order to prevent contamination One 
.< used in the developer and to transfer the print to the stop 
bath The second set can handle the print through the 
remaining steps 

44? - 5 Ceantiness *aves time and materials. A common cause of 
poor-quahtv darkroom production is a lack of cleanliness 

44H • I r» e . g 

448 • 2 That the mixing container is cjpan and that it is made of 
-natenai that will not react with the chemicals to be mixed 
448 - 3 Follow the manufacturer's directions, 
448 -4 It is a good idea to wear rubber gloves and a face mask 

448 - 5 Splashing of the solution and the introduction of air into 

'he solution 

449 - i Continuous agitation (because the prints are trav 

processed) 

449 - 2 The emulsion should lace up in order to prevent air 
bubbles from forming on the surface.* 

449 - 3 You need to have your timer sun as the sheet is going into 
the solution You also need to provide for a 10-second 
drain time at the end Thus, if you have a 2-mtnute 
processing Ume. you should continuously agitate for 1 
minute and 50 seconds and 'then drain the pnnt for 10 
seconds before putting the pnnt^nto the stop bath 

449 - 4 Agitate the sheets of paper by rotatmslhem from bottom 
to top throtwh the stack. As you bnrrt the bottom print 
up. put iftcoSlsion side down on the tonof the stack. The 
next time you go through the stacj/. -put the pnnts 
emulsion side up Continue this^grOcedure through the 
development time 




450-3 
450 -4 



450- 



451 - I. 



450 - 1. A stop bath that stops devejoprn'ent is an aid in accurate 
development times because development is not 
continuing beyond the developer solution. 
450 - Z The main advantage is that an aid stop bath reacts 
chemically with the developer solution remaining on the 
pnnt. This chemical reaction stops v the action of the 
developer A water stop bath only dilutes the action of the 
developer: it does not stop it. 
Normally, from 15 to 30 seconds. 
To prevent excessive swelling or softening of the emulsion, 
(This is particularly important when you are processing at 
high temperatures.) 

The advantage of resin-coated paper ts that it can be fixed 
in 2 minutes, a period of time considerably shorter than 
that necessary for other ty«*s of paper. 

As the solution temperau re rises, the processing time is 
reduce^ to achieve the *ame degree of development. 
Conversely, as the temperature decreases, the processing 
time increases to achieve the same degree of development. 
Use a thermometer to check the temperatures and a water 
mixing valve to get the water for mixjng the solutions to 
the nght temperature. 

452 - i A number of oxidation and chemical byproducts are 
formed as the developer changes the exposed halides to 
black metallic silver. 
452 - 2 Mottle is streaky development. It is caused by a lack of 
agitation during development of the print. The defect 
occurs because the diffusion of fresh developer and 
reaction byproducts from within the emulsion takes the 
'-path of convection currents. These currents form random 
patterns that cause uneven development 
452 - 3 Air bells are tiny bubbles in the developing solution. They 
can cling to the paper emulsion, causing clear spots to 
' occur on the print because there was not full development. 
Trav. prints. 



451 



452 - 4 

453 - 1 
453 - 2 
453 - 3 
453 -4 
453 - 5 
453 -6 
453 - 7 
153 - 8 
453 -9 
453 - 10 Activator 
453 -11 5 

453 - 12. Down 
*53 - 13 Ammonia 
453 14 Weeklv 



Variable, developer 
Standard 
OC 

Stabilizer 
Actuator 
Fix 

GlOiSV 

14 

Grounded. 



454 - i 



454 - 2 
454 - 3 
454 - 4 



454 - 5 



455 - 1 
455 - 2 
455 - 3 
455 -4 
455 - 5 



CHAPTER 7 

The seven lactors are ( I) the proper fixing of the pnnt. (2) 
temperature of the water. (3) type and weight of the 
paper. (4) method of washing, ( 5). rate of water exchange, 
<6> amount agitation, and (7) use of a hypo cleanng 
agent 

It will become discolored 
Every 5 minutes 

The higher the water lemperature. the faster the chemicals 
are diffused Therefore, if vou wash the prints in 75° F 
water vour washing times will be less than if you used 
colder water 

Double-weight paper is thicker and absorbs more 
chemicals Therefore, it takes longer to wash double- 
weight pbfler 

I rue. 
False 
False 
True 

False 
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456 • 1. Paper backing. 

456 *Z Curling. % 

456 • 3. Flattening. 

456 - 4. Crack. 

456- 5. Mosaics. 

456 • 6. Humming. 

45? - t. Down. 

457 -Z Up. 
457 - 3. Faster. 

457 . 4. Desired temperature setting. 

457 - 5. Water. 

457 - 6. Binding. 

457 - 7 Heater 

457 - 8. Temperature; humidity 

45$ • i Direct a rid indirect. 

458 • Z The indirect method. 

458 - 3. It is difficult to spot a toned print, so you should sun with 
a clean print. 

458 - 4. The color of the toner should enhance the print image For 
« example, a blue tone goes well with subjects we associate 

with blue, such as water scenes. 
458 - 5. You must constant!) agnate your prints in the toner for 

even results. You also need to judge the effect of the toner, 

for the longer the print is left in the solution, the darker the 

tone will be. 

458 - 6. A high heat may cause the tone to significantly darken or 
even cause it to become muddy. 

458 - 7, Protective equipment is important because many toners 

give oft noxious furries or can cause other chemical 
hazards because of their poisonous content. 

459 - I The cardstock's color, size, texture, and weight should 

enhance the print image to be mounted 
459 - Z The five steps are; (i) place the print on the upper left 
corner of the mount: (2) divide the distance on the right- 
hand side and draw a fine vertical line down the mount; (3) 
divide the distance from the bottom of the print to the 
bottom of the mount in half and drawa fine horizontal line 



459 



459 



460- I. 
460. Z 
460 - 3. 



460-4. 



across the mount; (4) draw a fine diagonal tine from the 
bottom left edge of the print to the point where- the 
horizontal line drawn in step3 ends on the right-hand side 
\ of the board; and (5) mount the print with the right side 
\ along the vertical line drawn in step 2 and with the lower 
right corner touching the point formed by the intersection 
of the line drawn in step 2 and the diagonal tine drawn in 
step 4. 

' 3^ Wet mounting may not produce a permanent mount and 

may also cause stains and smears. 
• 4. It is a clean, simple, efficient process that results in a bond 

that is normally permanent 

That the set temperature has been reached. 
235° F. 

Place the untrimmed print face down on a table and put a 
piece of dry mounting tissue, slightly larger than the pri nt, 
on top of it Tack the dry mounting tissue to the print by 
drawing the beveled edge of^he tacking iron across the 
tissue at several points. With the mourning tissue secure, 
turn the print face up and trim it to its final size. Then tack 
the print to the mounting board, and you are ready for the 
press. 

The right amount of heat insures good results. Too little 
heat and there will not be adequate fusion.4[0q much heat 
and the adhesive will be absorbed. 1 n either case, you will 
not have a permanent bond. 



461 - 1. 
461 -Z 
46! -3. 
461 -4. 
461 -5. 
461 -6. 



Left. 

Sable. > 
Matte. ' 
White. 
Special; dull. 
Dves: water colors. 



462 - I. A spray fimsh provides a certain amount of protection 
against scratches and abrasions: it can also impart a 
particular kind of finish. 

462 - 1 Shake the spray can and then hold the nozzle about a foot 
from the print Spray in an even sweeping motion. 
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1. MATCH ANSWER 2. USE NUMBER 1 OR 
SHEET TO THIS NUMBER 2 PENCIL. 



STOP- EXERCISE NUM 

BER. 



23132 03 21 

EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERCISE 
^PROCESSING AND PRINTING OF BLACK-AND-WHITE MATERIALS 
Carefully read the following: f 

DO'S: 

1. Check the "course," "volume/* and "form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 

2. Note that numerical sequence on answer sheet alternates across from column 
to column. 

3. Use a medium sharp #1 or #2 black lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklet After you are sure of your 
answers, transfer them to the answer sheet If you have to change an answer 
on the answer sheet be sure that the erasure is complete. Use a clean eraser* 
But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECL 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI on ECI 
Form 17. 

DON'TSr 

1. Don't use answer sheets fcther than one furnished specifically for each review 
exercise. ^ * 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors* 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet 

4. Don't use ink or any marking other than a #1 or #2 black lead pencil. 

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED 
ON .THE VOLUME REVIEW EXERCISE. In parenthesis after each 
item number on the VRE is the Learning Objective Number where the 
answer to that item can be located. When answering the items on the 
VRE, refer to the Learning Objectives indicated by these Numbers. The 
VRE results will be sent to you on a postcard which will list the actual 
VRE items you missed. Go to the VRE booklet and locate the Learning v 
Objective Numbers for the items missed. G^o the text and carefully ^\ 
review the areas covered by these references. Iwview the entire VRE again ) 
before you take the closed-book Course Examination. 



Multiple Choice 

(UOO) In the preparation of photo solutions, the most important thing to 
remember is to 

a. follow the written directions. 

b. use a stainless steel nixing tank. 

c. always add water to your chemicals. 

d. keep the mixing temperature at 125° F. 

(401) A 20 percent solution of sodium sulfite would require a mixture of how 
Tany grains of sodium sulfite per 100 cc of water? f 

a. 10. , ' c - 30 - 

o. 20. d - UC - 



solution of D-76 , is che same as a D-76 .solution of 



a. 25 Descent. c - 50 percent. 

b. 33 1/3 percent. <*• 66 2 ' 3 Percent. 

(402) What type of balance is used to measure grains? 

a. Avoirduoois. ^ c - Metric . ^ ^ 

b. English'. d * Kaci - 

(4C2) When using a beam balance, minor inequalities in weights are compensated 
for by using 

a - -e laddie. c ^ter balance, 

a. pacer weigh cs. *« ******** < evlce " 

(403) '.*hich of the following is a proprietary formula? 

a. Thiosuifate. c - j-'**' 

b. Dektol. d - 

(a**) Which of the following indicates the highest standard of chemical purity? 

a. Technical. Tr L ? ary standard 

m . a11v a. National rormuiary. 

o. ^riemicaii/ ^u* e . 

(ii05) ( When mixing chemicals in the A-l mixer. 

valves A and 3 are open. 

b. valves A and B are closed. 

c. valve A is open and valve 3 is closed. 

d. valve 3. is open and valve A is closed. 

(4C6) The conversion of the latent image to a visible one takes place in which' 
processing solution? „ * 

a. Wash. «• £^ io P er - 

b. Rinse. a - ; lxin § oath - 

(407) Which of the following types of film is not developed in a tank? 

a. Cut film. «• f \f' ■ 

b. Pack film.' d - P^aroid. 

(408) Which safelight filter is used in processing orthochromatic film? < 
a 1 c. 2. 

b! ia. " d - 3 - 
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12. (**09) X-bottom trays are ideally suited for which processing solution? 

a. Fixing bath. c. Rinse. 

b. Developer. d. Wash. 

13. * (**09) To prevent sheet film from sticking together during tray processing, 

you should use 

a. a theosulfate wash. c. a film stripper. 

b. an ammonia bath. d. a presoak. 

i 1 *. (uio) Unlike sheet film, to process roll film in trays, you need to use 

a. hangers. c. film clips. 

d. 3 cresoak. d. an ^jitator. 

15. (-11) Once the sheet film hangers are in tne developing solution, strike them 
sharply against the side of the tank several times to 

a. align the hangers. 

b. dislodge air bells. 

c. dislodge gas bells. 

d. confirm that the sheets are secure vithin their respective hange" 

16. (U12) Excessive tension used when loading roll film on a reel will 

a. increase the chance for pinholes. 

b. iCause the film to skip over a groove. 

c. overlap the film in one of the grooves. 

d. permit the loading of more than one roll on the reel. f 

v 0 

17. (**13) By having all the processing solutions at the same temperature, you can 
prevent 

a. plumming. c. air bells. 

b. gas bells. ' f d. reticulation. — 

IS. (4iu) In what part of the negative does the developer become more quickly - 
exhausted? 

a. Middle tones. \ c. Shadows. 

1>. Highlights. d* 3ase - 

19. (U1U) Roil film tank processing requires what kind of agitation tL 

a. Intermittent. c. Trubulent. 

b. Continuous. / d. Air burst. 

20. C*15) Ketol is > * 

a. a slow working reducing agent. 

b. a low contrast reducing agent. 

c. a high contrast reducing agent. 

d. highly sensitive to changes in temperature. 

21. ("15) The main reason for using an' accelerator in the developing solution is to 

a. make the solution alkaline. c. make the solution acidic. 

b. insure selective reduction. d. prevent oxidation. 
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22. (415) 3orax would be classified as which type* of accelerator? 

a- Mild. v c. Moderate, 

b. Active. d. High contrast. 

23. (415) Which of the following pheir.icals is commonly used as a restrainer in 
the developer? 

a. Diamine. )C c. Sodium sulfate. 

b. Chrome alum. ( ' d. Potassium bromide. 

24. (416) All fixing baths must con* 




a. silver halide, solvent . 

b. a hardening agent. "d. a iafi 

25. (416) Whicn chemical is used as a jte^servative in the fixing bath? 

a. Sodium thiosulfate^ * c.\ Fotassium alum, 

b'. podium bisulfite. , d. \ Sodium sulfite. 

J6. (417) Which of the following film/developer combinations would be best suited 
in producing a positive from a negative? " 4 

a. Tri-X and D-19. c. Kodak*6120 and D-23. 

b. Plus-X and DK-50., d. High Contrast Copy and D-72. 

t 

27. (418) film washing time is not affected by, the ^ 

a. chemical composition of the fixing bath. 

b. temperature of the vash water. 

c. efficiency of the wash system. 

d. type of developer used. * \, & 

28'. (418) When washing sheet film in trays, the water should be changed 
approximately ever 3 minutes for a minimum of how many changes? * 

a. 3. * c. 10. * 

b. 5. d., 20* 

29. ^ <*419) The use of a .wetting solution prior to dwing the film helps prevent the 

formation bf / * 

a. water spots. * c. stlin^.' 

b. air bells. d. grain* A ' 

30. (420) For drying negatives, the air should be 

w a. warm, humiti, and circulating. c. cold, humid, and still* < 

b. warm, dry, and circulating. d. cold, dry, and still. 

31. (421) Prior to putting film in the EL-4 dryer, you should 

a. drain the film. 

b. use an ammonia bath. 

C4 put the film in hangers. *' . : , 

d. ^ the dryer's thermostat at 150° F. 

32. (422) Tlie main reason for etching a negative is to 

a, add density to the base. , c. remove density from the base. 

b. add density to the emulsion. d. remove density from the emulsion. 
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33. (423 J The purpose of spotting a negative is to ^ 

a. eliminate tne need for print spotting. ~ 

b. eliminate 'small transparent areas. 

c. reduce negative density. '* 

d. reduce printing times, 

34. (42^) For best archival quality, the stop bath-should maintained between 
. a pH of t • - 

a. 2 and 4. c. 4 and 6. „ 
/ b. 3 and 5. . ' d. 5 and .7. 

11 V 

35n. (424) To achieve archival quality, you should use 

>~ a. a double fixing .bath arrangement. c. cortaminated water. 
d. a stop bath with a pri cf/3. d. bleach. 

36. (425) Tor^proper protection of negatives, the relative humidity of the 
storage area should be between ^ 

a- 30 to 40 percent, C.** 5Q to 60 percent. 

b. uo to 50 perceh^, ' d. 60 to 70 percent. 

3*7, (^26) The; fastest type of graded papers are 

a. chlorobromide. ' c. bromide. 

h. c*ioriae. , • * d. oolyide. * , 

1 

33. f-Z"} Which grade of .parfer should be used to achieve normal contrast with a 
normal negative? s , * • 

a i c. 3 . 

% r 2. • d. 4. 

39. (^27) To achieve a normal print from a ^ very contrasty negative, you would use 
wnicn grade of raoer? , 

' - f \ 

a. D. x 1 c. 2. ' , \ 

d. 1. a- 3. • X 

40. (427) Print contrast is best controlled through 

a. proper agitation*. 

d. exposure and development. 

c. selection of a particular developer. 

d. selection of the proper grade of paper. 

41. (4-28) To achieve high contrast with variable contrast paper, it must be exposed 
with what color of light? ^ 

a. Yellow-green. 1 c. Red-yeiloV. 

* b. - 31ue-violet. - * d. Blue-green. 

42. (429) The color of the number 4 Polycontrast filter is 

a. dark magenta. c. green. 

b. yellow, d. red. 

43. 142S) Printing with variable contrast paper would be done with which kind of 
safelight? 4 : , 

a. *A. ^^T- . , c. OA, , 

b. 1A. * d. OC. 
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44. (430) The surface of a print refers to its 

a. tint and tone. c. tint and texture. 

b, finish and tone. d. finish and texture. 

45. (431) V A matte surface is good for use in 

a. obscuring detail. c. emphasizing detail. 

b. emphasizing grain. - d. reproducing the photograph. 

46. (432) Which of the following will not normally damage processed prints? 

a. Heat. c « Chemical fumes. 

b! Light. d. Humidity of 40-50 percent. 

47. (433) Which of the following is not_ one of the main points to be considered 
when matching the negative to the print paper? 

a. The quality of the negative. 

b. The intended purpose of the picture. 

c. Test results of paper and negative combinations. 

d. The exposure index for both the negative and the paper. 

43. (434) Uniform illumination can be maintained on the EN-22A through the use of 
a. masks. c. diffusion glass. 

T>. Opiate glass. ^ incandescent lamps. * y 

49. (435) To produce contact prints, the negative and the paper are laid 

a. emulsion to emulsion. c. base to emulsion. 

b. emulsion to base. d. base to base. 

50. (436) The sharpest type of enlargements are produced on 

a. condenser- type projection printers. 

b. f diffusion-type projection printers. 

c. continuous contact printers. 

d. manual contact printers. , 

51. (437) When using the EN-52B projection printer, which size lens is normally 
used for printing 120 film? 

a. 50mm. c - 150mm. 

b. 100mm. d ; 250mm. , 

52. (438) What is the primary reason f on, making lens- to-negative distance changes 
\ vjhen doing projection printing? i 

a Insure sharp focus.. c. Increase depth of field.. N 

b'. Correct for distortion. d. Achieve proper enlargement. 

53. (439) Which of the following materials would be best suited for making a contact 
printing mask? ♦ 

a. Wood. c - Black paper, 

b Metal d. Opaque^ leader material. 
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54. (440) When making test strips, 



me . 



a. each strip should be processed for a different 
b they should be oroduced from each part of the negative, 
c* each strip should be made with a different 'degree of enlargement, 
d. all strips should be exposed from the same part of the negative. 

6 
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55, (441) To dodge during contact printing, you should m 

a. change filters. 

b. use an opaque m^sk.. 

c. extend the exposure time. 

d. manipulate individual printing lights. 

56. (uul) Burning-in is used during printing to 



a. decrease de'nsity. c. increase contrast. 

b. increase density. ' d. decrease tonality. 

57. (442) To decide on the proper tone and contrast for a particular grint, a 
rule that would not normally be ^considered is that the 

■* 

a. tone and the contrast are whqlly dependent on the quality of the negative. , 
B. tone and contrast of the original' subject be duplicated. * ^ 

c. detail be preserved in both the shadows and the highlights. 

d. photograph must meet the mission requirements. 

58. (443), When using variable contrast filters, which of the following rules is not 
applicable? ? . * 1 

a. The filter will fade with use. 

b. The filters must be kept cleaned. ' ^ 
A- c. *It is -Important that the filter be flat.. / '> 

' d The same exposure is used in changes from one filter to another. 

53. (UiW) How should a horizon line normally appear in a print? 

* a. Level. ^ ' c. Diagonally. - ' 

b. Centered. d. Vertically. V. 

60. (444) In terms.of Composition, where should the subject normally be placed in 
the print? 

t 

a. Centered. . / 

b. In an apprppriate* corner. 

c. Looking out of the picture. 

d. Slightly ,left, right, above or below the center. 

61. (445J For maximum distortion control, it is necessary to be able-to tilt the * ' _ 

easel * v - c. negative and the easel. \\ \ s 

b. negative. d - negative and the easel on two axes. 

62. . ) Negative duplicates are' made from' «, 

a. a master oositive. c. an inter-negative. •* 

b. a -master negative. , d, a master print. 

53. ( uu7 ) For printing purposes, which of the following is not needed in, a. 
darkroom? 

a. Print tongs. \ • c. A temperature of 80° F. / / 

b. A water mixing valve. d. An interval and * clock- timer . 

64. (448) Which of the following should, not be done wfien preparing a print 
developer? *> ^ 

a. Follow directions. / \ * * 

b. Stir to induce aifr into the solution. * ' 

c. Wear rubber gloves and a face mask when mixing. _ "* 

d. * Use amber stoppered bottles for storage. ^ 1 

> ■ 7 - " ' 0 i . 



ERIC / * 



"V 



65. (*48) Which of the following, developers is designed for warm-tone papers? 

a. Ektaflow Tyoe 1. c. SeXectoi. * 

b. Versatol. - d » Dektol. 

- 5B. (1*1*9) Print processing ic trays requires what type of agitation? 

a Random. c . Intermittent . 

' b. Continuous. Gaseous burst. 

57. (450)' Rinsing the developed print in. a stop bath will not 

^a. slow development. 

b. prevent blisters. 

* « c. make the image permanent. 

c. prolong tne life of the fixing batr.. 

> " ' es. «*5C) Lse of a non-hardening fixing bath *ner. processing prints is recommended 
% * "if you intend to t 

'a. tone tne prints. c. process for archival quality. 

V b. produce prints for display. ' d. process at high temperatures. 

^. (**51) Vnderdeveiopir.g a print will not normal!:' result in 

a. a loss of detail in the highlight. 

b. a low overall density. 

c. a low contrast. 
± .. fogging. , 



(-52) A lack of proper print agitation will not nor— a — } 
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a. stains, c • — »s 

o. mottle. d ' lew contrast, 

- - (us37 Stabilization paper is different from other types of prilpi^g papers 

- * orimarilv. because it ■ ^ L 

•It . % V 

a. r.as yafca tones. ^ impregnated with ceveiop-, 

. ^ is contract, * -d- greater variety cr textures. 

* * ^ . 

7- : (i*53>) . Whicn 1 Stabilisation solution develops the print image? 

a. !:eveiooer. • ' " - • Starilizer. 

^ *ctivato^ ' ; ' y± . d - Intensifies . ^ 

73. (^53 J If stabiliser aid activator solutions are mixed, wnat type of fumes are* 
genera-teg? 



% ' ' K a. Formaldehyde.: , ]< „ * . „ c - Ammonia. 

^b; Fosgean,- . , <*- Cyanide. 

/ • # ; 7JK (a5u) rne length of print washing time is affected by ail of the following 

^ % / ; factors except that tyf :»the ' 

a. -method used. , - , 'amount of development. 

b, «ei^t of the : paper f . /;- , , : d. * temperature of tae water. 

75. "^Sai.'flow many- five-Qinu^e changes do you-, make ^hes washing sin?!* weignt 
* ■ ' * . * erStS in rw6 deep tpa$$? * ' 



c. 5. 

d. 6. 
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(*55) Most mechanical washers achieve agitation by 

a. a combination of drum rotation and water spray . 

b. use of hot'water. 

c. drum rotation. 

d. water spray. 

) 

(U56) Print curl is usually caused by 

a. j sing a mechanical dryer. 

b. rough handling of the paper. 

c. t*e gelatin drying faster than the paper backing. 

d. the paper backing drying faster than the gelatin layer. 

(455) Print sririnkage is a special problem when 

a o~oarinz mosaics. c. producing high contrast prints. 

a, preparing to^c^. orintine on variable contrast paper. 

b. printing on graded paper. Q - pr.a1t-.u5 

USS) Pluming can result from heat-drying photographic paper and cause 

' I . ' ^ 

a. cracks zo form. 

b. ti^p^^nt to becccce brittle. 
priuX. tone to become colder, 
itte print surface to have a sheen. 

MST^Vhi^a following units bT^z a^art of the Pakonomy Print Dryer, 
Hodel 2SW? * 

^ A -water circulatingWt. c A n»V drive. 

3f Two thermostats, j d. * humidifier. 

(«58) When toning; whSbh. of the following should not be done? 

a. Tone aore than two prints at one time. 
d. Select the tone to natch the subject. 

c. Agitate the print in .the toning bath. 

d. Wasn trie print after toning. 

(«S9) When positioning the print on the mount, the border should be 
. » . « c. wider alone the sides - 

'(MO) For dry ramtiJS black-sod-white prints, the press te»perature should be 
near 

c. 2oo° r. . !(.. 



a. 215 



d. 175° F. 



' C-6JT) When spotting glossy prints, special dyes are us&d to maintain the ■ 

' -s-T V*\ C < glOSS~. ' 

-rfT tones. d '« «tpa«t. 

"(U62) In which of the following ways should protective sprays not be used? 

. a. To improve the finish on the print/ ^ • 

o. In- a well ventilated^ rocn: — . . 

c. Applied in thin coats. ^ 

d. To* spot the print. * 
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Preface 



THIS FOURTH volume of CDC 23132, Apprentice Still Photographic Speto/fist, 
emphasizes the application of basic photographic principles to job assignments. In ad^- 
dition we delve into the operation of the Versamat processor, operator maintenance, 
color photographyyand techniques of quality control. ^ 

Chapter 1 explains photographic composition. Manv shots are spoiled by poor 
composition or "a total lack of it. In this chapter *e offes ideas and concepts of com- 
position which you may use. We discuss creative teenmques as well as basic concepts 
and corrective procedures. We *ill also cover the use of communicative symbols in 
composition as a means of conveying ideas. 

Chapter 2 discusses the fundamentals of reproduction photography. The discussion 
covers the copying of reflective media and the duplication of transparent material., We 
have also added a small section on specialized copy procedures. 

Chapter 3 covers photographic assignments. In this chapter we cover some of the 
actual photographic assignments which you may carry out It is not our intent to lay 
down rigid rules on how you are to accomplish these assignments, but to point out cer- 
tain techniques that >;ou ma^fuifi useful. 

Chapter 4 covers the operation of the Versamat processor and operator mainte- 
nance. 

Chapter 5 delves into th$ exciting world of color photography. We discuss the prin- 
ciples of color photography, exposure and processing, and color chemical mixing as 
well as color printing and finishing. 

Chapter 6 discusses quality control. While cleanliness is uppermost, there are other 
means and standards to observe to assure that a satisfactory photographic product is 
being produced. 

If you have questions on the accuracy or currency of the subject matter of this text, 
or recommendations for its improvement, send them to Tech Tng Cen/TTOC, Lowry 
AFB CO 80230. NOTE: Do not use the suggestion program to submit corrections for 
typographical or other errors. 

If you have questions on course enrollment or administration, or on any of HQ's 

(Your Key to Career Development, 3ehavioral Objective Exercises, 

^Volume Review Exercise, and Course Examination), consult your education officer, 
training officer, or NCO, as appropriate. If he can't answer your questions, send them 
To)ECI» Gunter AFS AL 361 18, preferably on EC! Form 17, Student Request for 
sistance. 

This volume is valued at 36 hours (12 points}. 

Material in this volume is technically accurate, adequate, and current as of Novem- 
ber 1975. 
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CHAPTER 1 



NOTE: In this volume, tbc subject ojattv is developed ir a .e.les of Learning Objectives. Each of 
these carries a 3-digit number and is in boluface type. Euo jcis a learning gpal for you. The text 
that follows the objectives givss you the information you .u*a to reach that goal. The exercises 
following the information give you a check on jour achie^racnt. When you complete them, see if 
your answers match those in the back of this volume. If yoar response to an exercise b incorrect, 
review the objective and its text. 



Principles of ri:z*£qt m 2C\\iii \\,rcv»ftfcn 



COMPOSITION. IN ITS broadest sense, i:iej.is ue 
organization o* aii me elements in 3 phc(ocru;ii ••> 
create an effective, ccmprenensive wnoie 1 lore 
spcciftcailv. composition means the arrangement or 
organization of the various picture elements — iiues. 
colore, tones, textures, shapes, and volumes — ir.:j a 
unified design tfig. 1-1). The proper arrangement if 
these elements takes place m the vtewnnder or o.i T.e 
ground glass. 

In this chapter we will discuss the basic-concjjts of 
composition along with corrective, creative, ani 
communicative techniques 




Apply Basic Concept 

. The protograp^er shoulcjrure an <lej f 
a ants as a nnal pnetograpmc result -ts r.e rr., , *: 
position to shoot. All subject element sh * \u e 
properly arranged with consideration givea**-- r.e 
lighting and the appearance of the various tones jnd 
textures Manv distracting elements can be ehrruiuted 
by ipphmg the principles of good composit M -n i» "n t s< 
point. It will be '-er\ difficult, if noi impossn.f ''j 
correct mistakes caused b> choosing the wrong camera 
angle ur poor arrangement ai a later point in :he 
photographic process. The photographer 1 Id 
therefore do his cropping and composing before '*e 
tnps ihe shutter 

600. Explain principles and techniqaes nhjcn jlaQ 
used, to achieve effective composition. 



Although good composition is something :nai e 
photographer must learn to feel for himself, vou 
consistent!) produce good quality photographs 
using these basic guidelines for composing \ 
picture fc j 

Point of interest. Every photograph sh^uio 
one definite point ofWerest If the viewer is distil 
by a jumble of elements, the main suoject i>f 
.photograph will not stand out. (See fig. 1-2. 1 
makes it difficult to determine the purpose of 
photograph. The point of interest may be a n 



;an 
by 
ou: 

,a e 
. ec 
:ne 

rhis 

the 



u j ct'r \ sU->f several elements. The key is that all 
o i 1 . ,;e ^rran^ed so that the viewer's attention 
.b dr^wi 'UTMly to tne subject (See fig. 1-3.) 

Sim jlkity. One sure way to emphasize your subject 
is to simplify b> minimizing tt>c number of elements 
presented n the picrare. As we have said befprtf, the 
camera '.ciu> ^ees everything tharexists in front of it 
Theretore, adjust your camera angle and camera-to- 
subject usance until all but the essentials have been 
eliminated from >our picture. As a start toward 
simplification (I) move closer to your subject (2) 
.r.oo'e i :iui background, and (3) let the lighting 
'.sfi'vafue ' ous suoject. Compare figures 1*4 and 1-5 
- i,:e .v ...w. y ement that simplicity can make. 
2l'<.i*i..i i.nse. Most outdoor, and many indoor, 
^, • s i'a^e a real o/ imaginary horizon line — 
'.:e - v.e iky|eemTto meet the earth or where 

"|r6\ind meets the 
u I p.e proper placement o$ the horizon line 
•viil neip ,uu arrange the background; the foreground, ' 
ind :nc'-na.n object areas of your picture. You should 
to .c;*o t »e iX,nzon line level. (See fig. 1-6.) Next, 
tr, *o "-^cmrer never to place the horizon line in the 
'jirea cjr.er of the photograph. If you do, you divide 
:he p.;ot grupn into two equal parts and produce a 
i .A ^interesting picture. (See fig. 1-7.) Try to 
pi,M.!on ire horizon line above or below the exact 
center of :.;e photograph. A high horizon line gives the 
uppearance of depth and distance. (See fig. 1-8.) A low 
no'nzun .*r,e creates an appearance of increased height. 
iSee fig ; 1 ) JcV m 

n*.e tieu Mean. nie>Greek sculptors and the 
-;reat p. inters and architects of the middle age$ used 
what t ;as jeen called "The Golden Mean" (fig. 
to he* i ihear establish correct proportion and 
plucerue^: of their subjects. We can apply this 
prMCipic j i photography by dividing our rectangular 
picture area into thirds, both horizontally and 
r emcalr . Then we can place our horizon line on, or 
close tc,\.r.e nt the 1/3 lines while placing our subject 
on ;ne f :ne four intersecting points. (See fig. 1-11.) 
Some -Hi aographers actually draw lines on their 
cr >uno :o apply this principle. 
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Figure I -I Compositional eienunss 
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Figure I «9. A lolw horuon line emphasizes height. 



Leading Lines. One oythe mast common 
techniques in directing attention toward the point of 4 
interest is the use of leading lines, shapes, or patterns, 
. A leading line may be any object, or any series of 
objects, which tends to direct the observer's eyes 
toward the point of intcnest It may be, a road, a fence, 
a row of trees, a shoreline,, or even a patch of light or 
dark tone in the scene. An ideal leading line is one that 
starts near a bottom corner of the scene and continues 
unbroken until it reaches the point of interest (See fig. 
1-12.) It should end at this point, otherwise the 
observer's attention will bd carried beyond the main 
object in the picture. 

231-619 



GOLDEN 
MEAN I 
. POINTS 1 



1 



-L 



1 - DIVIDE THE COMPOSITION tNTQ THIRDS 

2- PLACE THE HORIZON ON OR CLOSE TO 
THE fcNE-THIROHNE 

3- PLACE YOUR CENTER OF INTEREST AT. 
ANY GOLDEN MEAN POINT 

Fisure 1 -10. The "Golden Mean/.' 



Framing. Another very effective method of 
confining attentiqn to the point of interest is by 
framing it with such objects as trees, columns, a 
doorway, an arqh, or a window. For example, looking 
across a broad expanse of land or water at a house can 
give an observer a rather dull, uninteresting view; 
4 while, by moving back a few feet and framing the.same 




Figure ^Holographic illustnrion .showing the placement of 
the subject according: to the. ^Golden Mean." 
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Figure 1-12 Unnj a leading tine to direcx the eye to the point of in- 
• terest. 



house between clumps of trees may improve the 
composition. (See fig. 1 - 13 to see how framing,can be 
used.) 

Handling of Action- A photograph depicting 
action or movement of any kind tends to lead the 
viewer's eyes in the direction of the action, 
consequently your composition is strengthened if the 
action leads into the photograph. Action shots require 
correct shutter speed selection and careful camera 
handling. A fast shutter speed creates a stop-action 
effect, white a slow shutter speed makes the subject 
blurry {See figs. 1-14 and M 5.) If the camera is held 
sull, the subject may appear blurred while the 
background remains sharp. If the camera follows the 
acaon (panning), then the subject will appear sharp 
and the background will appear blurred. Panning can 
be used to stop rapidly moving subjects. (See fig. 
1-16.) 

3aiar.ee. in a well-balanced picture, the position of 
the various elements of the photograph gives harmony 
to the whole setting. Your problem with balance is to 
arrange the various objects into a specific design. 
There are two types of balance: formal (symmetric) 
and informal (asymmetric). 

Formal balance is achieved by arranging elements 
having similar size or shape on either side of an 
imaginary central dividing line in order to produce a 




Fijure 1-13. Using trees to frame a house to make it stand out. 
10 
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Figure 1-18 Using informal balance in a^phoiograph. 



balanced relationship within the composition, (See fig. 
1-17.) Generally speaking, this type of balance should 
be avoided, since it usually fails to stimulate the 
viewer's interest. For example, although a single 
subject placed in the exact center of the photograph 
provides the simplest kind of balance, this should be 
avoided for the reason just given. We can sum up 
formal balance b> saying that it is dividing a 
composition into equal parts, with none of the parts 
being dominant. Although -rtlis is sometimes pleasing 
to the eye. it quickly becomes monotonous through 
overuse. 

In contrast, informal balance involves a pleasing 
relationship between dissimilar forms and, or subject 
arrangements. For example, a smaller area or object 
can balance a much larger one if the smaller area 
contains a form or subject that attracts the viewer's 
attention more than anything contained in the larger 
area. You can cause attention to be focused on the 
smaller area by varying the color, texture, tone, shape, 
or activity m the two areas. (See fig. 1-18 ) 

Format. 'Fornjat determines the shape of the 
photograph. Jt ma> be horizontal, vertical, or square 
Format is important, and >our selection will influence 
both the appearance and the meaning ot the 
photograph. Here are afew suggestions concerning the 
choice of format. Ifihe shape of your subject indicates 
a given format, use that format. For example, tall 



objects usually fit a vertical format, whereas wide 
objects require a horizontal format. A square format 
is. however, rarely used. Remember, you can achieve a 
different format easily and quickly by turning your 
camera, changing the position of the cameras 
revolving back (examples-Super Speed Graphic), or 
changing your easel during printing. 

The Third Dimension. Perspective is defined as the 
rendering of a three-dimensional subject (height, 
width, and depth) on a two-dimensional surface 
(height and width). This problem faces both painters 
and photographers. The main challenge is to retain a 
feeling or illusion of depth. There are four means of 
expressing depth" in .composition. These are line, 
figure, light, and haze effects. (See fig. M9.) A 
leading line going into the picture (road, river, or a 
fence, etc.) can create a feeling of depth. The relative 
size of the subject matter can also help to create the 
s illusion of depth. For example, objects in the 
background 4ook smaller' and farther away even 
thougruhey are of the same size. This is so because we 
know that the reduction in image size is caused by an 
increase in distance. Lighting can also be used to help 
create the appearance of depth. Long shadows cast 
into the picture promote a feeling of distance. Finally, 
a diminishing sharpness, caused by haze, can give the 
feeling that the background is far away. 

Subject Size. Your ability to decide how much of 
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Figure 1 -20. The effect of foreshortening. 



the subject should be included in any photograph is 
very important For example, you can photograph just 
the subject itself or only part of the subject You can 
make the subject small and include much of the 
surrounding area. Generally, however, you cannot go 
wrong if you make your subject as large as possible. 
When you check the viewfinder or the ground glass, 
you may find that much of the area surrounding the 
subject is not an important pan of the picture and can 
be eliminated. In fact, eliminate everything that is not 
absoluteljfessential to thejjurpose of the photograph. 
This applies to parts of the subject itself. If a picture is 
correctly composed, you cannot add or subtract 
anything without adversely affecting the quality of the 
photograph. 

Background Control. Many photographers 
overlook the background during composition of the 
photograph. When the finished print is examined, 
however, the viewer will quickly realize that the 
background/should have been'*fak'£n into 
consideration. This is especially true if the background 
contains elements that distract from the main subject. 
Through neglect, the background may destroy the 
quality of your subject arrangement. Therefore, look 
beyond the subject and check the background area. In 
some instances the background will be inappropriate, 
cluttered, or disorganized* If this is the case, you will 
have to exercise background control. You can do this 
in several ways. For instance, you can (1) move the 
subject to another location, (2) change the camera 
position, (3) change the camera angle, (4) remove the 
objectionable background from the composition, or 
(5) throw the background out of focus by using a large 
aperture (i.e., limited depth of field.) 

Foreground Control. Like the background, the 
foreground is important In most cases, the foreground 
should be in focus and be of Sufficient depth to 
support the subject Don't let foreground objects 
detract from the point of interest. As a rule, the 



foreground will contain the leading line 
Consequently, a fuzzy, out of focus foreground will 
irritate the viewer and detract from the point of 
interest. Occasionally an out of focus foreground i$ 
used in portraiture where the foreground forms a 
frame for the subject's face. KJ M 

Tone Balance. In black-and-white photdgraphy, 
the subject's colors and thos£ surrounding it are 
presented , as various shades of gray in the final 
photograph. Remember, the shade of gray produced 
depends on how much light the subject is reflecting. It. 
is important that tones, especially those close together, 
du not blend and obscure detail. This problem can be 
avoided by making a slight change in your camera 
posYtion or by using a filter or supplementary lighting 
and controlling film contrast during processing. 

/ 

Zxercues (oGO): 

I. Why should every photograph have a clear point 
of interest? 



2. What are three techniques that can be used to 
achieve simplicity in composition? 



3. a hi^h horizon line conveys what feeling? 



4 W>.at is che purpose of a leading line? 



5. What will be the visual effect if you pan when 
photographing a moving object? 



6. Haze in a scenic will help create what effect? 



7. How are filters used in tone control? 



1-2, Use Corrective Procedures 

"Corrective procedures" are used to attain the 
desired perspective in a photograph through the use of 
various camera adjustments. Perspective is the art of 
picturing" objects or a scene in such a way as to show 
them as they appear to the eye with reference to 
relative distance or depth. What does this mean to 
you? Since photography is two dimensional, we have 
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to create an illusion of three dimensions with 
photographic techniques. We also must maintain 
relationships between various picture elements so that 
they have a natural appearance. Perspective control is 
therefore the most-important corrective technique that 
is used to achieve pleasing compositions. 

601. Define the terms "diminution" and "fore- 
shortening," explain how foreshortening in portrait 
work can be prevented, and explain the value of a 
view camera in corrective photography. 

Whether a particular photograph looks natural 
not often depends upon how we have been trained to 
see. For example, we accept the convergence of 
parallel lines in the horizontal. This commonly 
happens when we view the "narrowing" of railroad 
tracks as they recede in the distance. However, we do 
not accept the same phenomenon in the vertical. For 
example, if a photographer tilts his camera upwards in 
order to capture the top of the building, the walls of 
the building appear to converge toward ihe top and the 
building seems to be falling. The photographer, 
therefore, must be able to control the appearance of 
these parallel lines in his photograph to .maintain a 
pleasing perspective. 

Perspective is controlled by the camera position. 
Camera position controls the angle of view and the 
subject-to-camera distance. The choice of lens focal 
length, while not controlling perspective, can be 
helpful in maintaining the desired image size while 
allowing a change in camera position. In our tilting 
building example, the problem could have been 
avoided by using a suitable wide angle lens to give the 
necessary coverage or by moving far enough back so 
the available lens could give the coverage without the 
need for tilting. 

Another type of problem is diminution. Objects in 
the background look smaller than those in the 
foreground even though they are of the same size. 
This, again, can be controlled to some degree by 
changing camdra position and using the appropriate 
focal length to insure a useful image size. 

Foreshortening is a form of distortion whereoy 
foreground objects appear to be disproportionaiiy 
large. This often happens when a photographer moves 
in close with a normal or wide angle lens to maintain a 
large image as in portrait photography. To correct this 
"problem" the photographer should step back and use 
a longer focal length lens. 

It must be stressed that various types of 
"distortions" may be effective. For example, 
diminution givei a feeling of depth while 
* foreshortening can be used to give a feeling of space. 
(See fig. 1-20.) 

The key to perspective control is the camera 
posmon in relationship to the subject -The view 
camera, with its many adjustments, permits complete 
perspecuve control without the need to always "move" 



the camera from one position to another. Complete 
camera movement is provided by the set of swings, 
tilts, slides (shifts), the rising and falling front, and the 
rotating film back. These many adjustments enable 
you to accomplish the following tasks: 

a. You can control perspective and deliberately 
prevent, moderate, or exaggerate distortions. 

b. In photographs taken at an angle, you can extend 
sharpnferrmdepth. 

c. You can»$o change the position of the image on 
the film withoutchaoging the position of the camera. 

The view camera, therefore, is the choice for 
corrective procedures to achieve distortion free 
composition. Tco many photographers, however, shy 
away from u& view camera because of its bulk and 
nunv adjustments. The best way to be at ease with the 
cameia is :o practice with it before a job comes up. For 
example, you can anange a simple still life in the 
studio. Ujing the camera straight on, with all the 
adjustments in neutral, focus on the subject- Take a 
picture with Polaroid film. Then use each of the 
adjustments une by one until you can clearly see the 
effect that eaca has on the result Take a Polaroid 
photograph witl: each step. You can repeat this same 
process with an architectural shot. In this way, you will 
have a folder of pictures to refer to when you are 
getting ready for an assignment. Remember, 
knowledge gives you confidence. 

NOTE. Limited corrective photography can be 
achieved with a 35mm camera (e.g., Nikon) equipped 
with a perspecuve control lens. Such a lens can be 
adjusted oat the normal axis to control parallel 
lines, etc. This can be invaluable when you need color 
slides as an end product. 

Exercises (301;: 
1. Define diminution and foreshortening. 



2. Explain ,'j'v foreshortening can be prevented in 
portrait work. 



3. Explain *hy a view camera is ideal for corrective 
photograpny. 



2fi 



1-3. Use Caeative Techniques 

To be creative means to be able to be productive; to 
achieve what was not there before; to assemble 
different elements in an effective and novel way. Every 
photographer should try to be as thoughtful as possible 
on every shot. In this section we will discuss a few 



17 



ERIC 



2'J6 




Figure 1-21. Using various- camera angles to achieve effective composition. 
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A. FOCUSING ON THE BACKGROUND SUBJECT 



231-631 




b. Focusing on i the foreground subject 

Figure 1-22, A&B. Selective focus.(common title) 
19 
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ideas you might consider trying when you wish to 
achieve better results. 

It must be'Stressed that in the area of composition 
there arc no firm "D0V* and "DONTs," just guides . 
to help solve a visual problem. The best way to 
improve one's "eye" is through practice. Practice can 
take many forms. One way is to give yourself "self- 
assignments," like shooting a "little league" game in a 
refreshing way. Shooting, processing, and printing 
your work, followed by a thorough critique, is the best 
way to get better. In conjunction with this, the study of 
the work of leading photographers, painters, 
cinemaphotographers, and sculptors, who 
communicate a visual message, will provide much 
food for thought, - , 

While the mastery of the various photographic skills 
is essential, one's attitude is the most vital ingredient. 
A willingness to learn, a desire to improve and * 
demand upon oneself to accept nothing but one s best 
efforts, provides the power to go forward. 

J .. • - 

6G2« Explain how different camera angles, use of 
equipment, selective focus and depth of field, and 
tone and contrast can help you achieve creative — ^ 
results. 




. The following five topics are just to give you some 
ideas that you might consider when carrying out y?ur 
assignments. Though we often stress' equipment and 
particular techniques, it is the photographer and his 
visual insight of the subject in photographic terms that 
make the difference. YOU are the difference. 

Camera Angles. Camera position is a most 
important choice in determining how a subject will 
appear. To achieve effective composition, it is best if 
you can take pictures from several camera angles. Do a 
360° walk around the subject to get a clear idea of the 
possibilities. Then produce a variety of shots. Shoot , 
up, dowfi, left, right, front, back, thifeQ^iarters, etc. 
Each. angle may show the subject in/quite a different 
light. For exaifiple, shooting up makes the subject * 
more imposing whereas shooting down will make (he 
subject appear smaller and less important. The point 
f being stressed is that if, for example, you take all your 
shots from the front at eye level your compositions will 
become monotonous. In figure 1 -21 , look at the effect 
that a variety of camera angles can have on how you 
see (he subject. 

Interrelationship of Subject Matter Parts. The 
more objects that are in the picture, the more 
challenging it is to achieve a harmonious arrangement. 
Many times you will not be able to move the subject 
and must depend on camera angle, shooting distance, 
lens selection, etc., to achieve a pleasing composition. 
When you can arrange the subject matter, the 
arrangement rather than the "taking of the picture" 
will likely make the difference' between success and 
failure. 



Figure 1-2*4. What don this photograph communicate? 



Use of Equipment. The proper selection of 
equipment can help you effectively complete your - 
assignment. Filters, lenses, atuMighting equipment all 
can he*p to, achieve unique- results. A "fisheye" lens 
can give you a cylindrical picture, a diffusion filter 
will soften the image ox a multi-image filter can give" 
you special effects. You must therefore be aware of the 
continuing advances in equipment t^at permit you to, 
extend or achieve a particular vision. 

Selective Focus and Depth of Field. What should 
appear sharp in the photograph? The point of critical 
focus and the degree of depth of field will determine 
just how much of the photograph appears sharp, Whdt 
appears sharp will certainly affect the character of the 
point of interest. The difference that can be achieved 
by changing your plane of focus irillustrated in figure 
1-22, A and B. 

Tone and Contrast. In black-and-white 
photography, the rendering of the Subject in various 
shades of gray and the contrast relationship of these . 
shades is very important in determining the final visual 
effect. The selection of the subject, background, . 
foreground, and lighting creates a critical 
combination. Remember, the tone of each element 
will be determined by how much light it reflects. The 
more light, the lighter will be the tone. In this regard 
the appropriate use of a filter can be 'particularly 
helpful, especially when different colored objects may 
be reflecting the same amount of light. The selection of 
your film/developer combination, will also have an 
important bearing or your recording. It is best to think 
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about all of this when you arc shooting, rather. than 
rety on darkroom manipulation. Notice the difference 
that tones and contrast make in figure 1-23. 

NOTE. In color photography the relationship of all 
the different colors is of great importance on what 
impact the photograph will have on the viewer. la fact 
it is the pattern of colors rather than the form and 
content of the subject matter that often dominates. 

These have just been a few suggestions you can 
consider. See what YOU can do. Take PRIDE in your 
work. Always be in "student status" so that your work 
will not get stale. 

Exercise (602): 

1. Briefly explain how each one of the following is 
used to achieve creative compositions: 
a. Camera angles 



b. Interrelationship of subject matter pans 



c. Use of equipment 



d. Selective focus and depth of field 



e. Tone and contrast 



1-4. Cdmmunicative Content - ^ 

One definition of communication is to make 
known. To make known solely by visual symbols is not 
new. The cave painters left a record of their lifestyle 
Painters and sculptors have produced -an impressive 
visual record. Silent pictures entertained and educated 
many Americans prior to "talkies/' Even the 
supersalesmanshtp of modern advertising rests as 
much on visual symbols as it does on the hyperbole of 
the well turned phrase. 

Our reaction to visual symbols is a matter of 
cultural training. Each day we are bombarded by sights 
which have communicative content The photographer 
therefore can rely on this resource to create pictures 
which can effectively communicate without reliance 
•on words. 

• 603. Given two ideas to communicate 
photographically and several possible compositions 
for each, select the one that would best communicate 
each idea* 



To communicate as a photographer you have to 
have a clear view df the principles of communication. 
Communication requires a sender, the medium of 
communication* and the receiver. You are the sender, 
your medium of communication is the photograph, 
and the receiver is the viewer of your work. To be an_ 
effective communicator you need to have a clear 
understanding of the receiver. You must communicate 
in a way that will be understood. For example, if you 
speak only English and you are trying to talk to a man 
who only understands German, there will be little 
effective verbal communication between the two of 
you. The same can happen in your photography. If you 
use visual symbols the viewer does not -understand, 
your message may not get through. Suppose you are 
dtfmg a picture story on religion in contemporary 
American life. Your lead shot shows a Shinto altar. 
The image ma\ have little impact on an audience that 
relates only with Christian symbols, such as a cross. 

The background, education, tastes, and interests of 
your audience are keys to success. The activities of the 
various sections and squadrons, family services, flying 
club activities, and recreational services, while not 
having universal appeal, may all be of vital interest to 
people at your base. A silhouette of the tail of a C-5A, 
the Thunderbirds in formation, a security policeman 
with his dog, the base commander throwing out the 
first ball at a little, league game, and opening of the 
base swimming pool will communicate to your 
audience without the need for extensive captions or 
copy. 

Communicative Elements, The elements you can 
use to communicate with are people, props, 
backgrounds, and lighting Let us briefly consider 
each one of these. • 

People. Women, children, and men, different ages, 
states of dress, and expressions will evoke different 
feelings in the viewer. A tight shot of a pilot wearing 
his helmet, face mask, and oxygen gear evokes a 
different feeling than a shot of a pretty girl by a 
swimming pool. 

Props Cameras, knives, tools, rifles, food, 
airplanes, automobiles, flags, etc, cad be used to leave 
distinct feehngs. For example, an airman holding a 
wrench may appear different than if he holds a rifle. 

Background. A rundown tenement house, modern 
buildings, a hospital, the flight line, mountain lakes, or' 
a farm all conjure up different moods ia each of us. 
The choice of environment in which the subject js 
placed is most important. 

Li$ht*Ht Harsh contrast lighting gives a much 
harder eCse to a picture than lower contrast lighting. It 
is important that the lighting should fit the mood of the 
picture. 

Consider carefully each picture element t and its 
communicative impact on the viewer. Add, subtract, 
or rearrange picture elements so thai' your message 
comes through loud and clear without distractions 
(Does fig. 1-24 communicate to you?) 



Excretes (my. 
1. Which one of the following would bring out the 
idea of pride? 

a. Three airmen standing outside the BX. 



2. Which picture arrangement would best emphasize 
childhood joy? 
a. A child eating his dinner. 



b. An airman receiving an award with his family 
looking on. 



b. A child receiving a shot 



c An airman asleep on the grass. 



c. A child opening Christmas presents. 
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CHAPTER 2 



Reproduction Photography 



THE TERM "COPYING," as used in photography 
means the photographic reproduction of another 
photograph, drawing, map, chart, or similar flat-plane 
object Reproductions of this type have a number of 
uses. Consider several examples. If a negative is lost or 
unavailable, a duplicate may be made by copying a 
pnnt made from the original negative. Valuable 
documents, if used constantly, soon become worn and 
illegible, however, by making reproductions through 
the process of copying, you can preserve the original. 
On some occasions, it may be desirable to reproduce 
the subject at a different scale or size, this change, too, 
can be effected by copying. Again, in some instances, a 
great quantity of prints from a single negative is 
sometimes* requested with'a deadline for delivery. In 
such cases, duplicate negatives may be made and given 
to as many printing teams as necessary in order to 
complete the work in the stipulated time. On other 
occasions, copying may be used to improve a 
photographic pnnt For instance, stains and blemishes 
clearly detract from the quality of the print. If, 
however, such a stain or blemish is transparent or 
translucent, it may be^oned down by using a filter that 
is deeper" than the color of the stain. 

Every picture which you see in a newspaper, book, 
or magazine has been copied at least once. Banks make 
photographic records of checks received Entire 
libraries are copied on film that occupies a tiny 
fraction of the space required for the books. Copying 
is thus of great importance. To be successful, such 
copying requires careful work. The problem of 
copying is complicated by the great variation in the 
nature of the originals to be reproduced and by the 
varying conditions under which the work is to be 
done. . ' 

In this chapter we will discuss copying reflective 
subjects, making scale change provisions, duplicating 
transparent material, and using specialized copy 
procedures. 

NOTE: To add to your understanding of this 
chapter you should review the use of copy cameras and 
duplicating cameras (Volume 2, Chapter 3). 

2-1. Copy Reflective Subjects 

Subjects to be copied are broadly categorized in 
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two *3>s. reflective or transparent Reflective subjects, 
like pho:ographs, paintings, schematics, and maps, are 
very common copy subjects. Reflective subjects are so 
idcmif.ed because they are copied by reflected light 
rather than light passing through the subject as is the 
case v.ith transparencies (e.g., slide copying). Proper 
copying of reflective subjects (or transparencies) is 
only achieved by proper lighting, caoiera operation, 
filter selection, exposure, and appropriate 
film/developer combinations. We have discussed 
camera operation and filters, and we will review 
particular copy exposure problems in the section on 
scale changes, so now let us take up the other topics as 
they relate to copy work. • 

604. Complete statements related to the correct 
lighting of reflective copy subjects. 

Copy Lighting. You can use practically any type of 
lighting source when making copies; included are 
ordinary tungsten lamps, photoflood lamps, flash, 
fluorescent tubes, daylight, quartz iodine, and mercury 
vapor systems. Regardless of the type of lights used, 
the basic requirement for copy lighting is even 
illumination. Uneven lighting will result in negatives 
with uneven density, and the production of uniform 
prints that match a good original print will be 
impossible. An easy check for evenness of 
illumination is to place the end of a ruler or similar 
opaque object against the center of the subject at a 
slight angle. (Be careful that you do not get your body 
in the path of the illumination.) Balancing the shadows 
on each side of the ruler enables you to control the 
evenness of the intensity. Move either light, as 
necessary, to equalize the lighting. 

Subject material. An important consideration in 
lieht-positioning is the subject material. For smooth, 
gfessy surfaces, the lights will provide the best 
illumination with, the least amount of reflection when 
placed at an angle'of approximately 45° to the subject 
The lights should be moved more nearly parallel for 
rough surfaced material. An angle of 75° will 
minimize texture detail and help assure higher quality 
reproduction. (See fig. 2-1.) c 
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Reflection control Two conditions generally cause 
reflections in copy work. One is reflection of the light 
source; the other is reflections over the entire surface 
of the copy subject 

Reflections of the light source are caused by light 
reflections from the camera stand, lens board, or any 
other equally shiny object around the copying setup. 
These reflections usually occur when you are copying 
glass-covered paintings, glossy photographs, and other 
smooth surface objects. 

The easiest way to eliminate this type of reflection, 
if changing the position of the lights does not help, is 
to use a black cloth or sheet of hardboard painted dull 
black as a shield. By cutting a hole (the size of the lens) 
in the center of the board and by placing (he board 
over the lens, you can usually eliminate this type of 
reflection. You may also use a sunshade to aid in 
eliminating stray light rays and reflections. 

Reflections over the enure surface occur with 
rough, scratched, crumpled paper prints or paintings 
with strong brush marks, canvas textures, or cracks, 
cvz. These reflections occur because each high spot in 
the surface of the original causes a small specular 
reflection of the light source. Such small reflections 
cover the surface of the copy with a haze of light which 
destroys contrast and results in a flat, muddy image. 
The two methods to subdue or eliminate surface 



reflections are (I) bounce lighting and (2) polarized 
lighting. 

Bounce, lighting may be used as follows. If the 
ceiling of the copy room is low enough, direct two 
lamps upward so that the light bounces off the ceiling 
and spreads a soft, diffused light over the original If 
the ceilira is too high, it may be possible for you to use 
a large white board positioned horizontally over the 
lights to reflect the light to the subject 

Polarized lighting is a little more complicated than 
bounce lighting. For one thing, placing a polarizing 
filter over the lens, alone makes little, if any, 
improvement because the lens axis is at right angles to 
the subject's surface. But by using a polarized light 
system, most reflecuons can be eliminated. To use this 
system, placs a polarizing screen over each lamp and 
also place a polarizing filter over the lens. By rotating 
the filter, you can reduce or eliminate all the 
reflecuons. 

Exercise (604): 

1. Complete the following statements on copy 
lighung. 

a. type of lighting source can be used 

in copy work. 
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SUBJECT 




LIGHT 



UfcHT 



LIGHT 




SUBJECT 



LIGHT 




A. SMOOTH SURFACES B. ROUGH SURFACES 



Figure 2-1 . Positioning lamp. 
25 
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b. To be effective, copy lighting must be 



c With glossy surfaces, the lights should be at 
d egrees to the subject. 



d. Using a lenshade can cut do\*n 
reflections. 



source 



e. Reflections off a very rough surface can be cut 

down by using either or 

lighting. 



605. Identify characteristics, problems, and 
techniques associated with the copying of different 
types of reflective subjects. 

Reflective Copy Subjects. Let us discuss specific 
problems of copying different tjpes of reflective 

subjects. f 

Black-and-white line originals. A "number of varied 
documents and subjects may be found under this 
heading. For example, you may be required to copy 
such things as (1) maps that are printed in black and 
white, (2) musical scores to be distributed among Air 
Force band members, and (S) certain published 
procedures, such as processing instructions for a 
particular machine, to be used as training aids. It is 
also possible that you may, on occasion, (4) copy 
letters, such as letters of commendation, to be 
distributed among various personnel at your base 

Generally speaking, a line original has but two 
tones— black (or a dark shade of gray) and white (or a 
very light shade of gray). As far as contrast is 
concerned, these two tones should be separated as 
much as possible. The net result is a high contrast 
negative; and when combined with printing on a high 
contrast paper, the high contrast of the original is 
maintained. Remember, under these high^contrast 
conditions, film latitude is very low and the etoosure 
is critical. Consequently, if you miss the exposuiKyou 
are taking a chance on filling in or obliterating the 
lines. To avoid this, you should allow ample exposure 
"but not overexposure of the film. 

If the black-and-white material is printed on just 
one side, it may be backed with white paper to increase 
the contrast This is especially true if the original had 
been printed on rather thin paper, in which case the 
dark color of the easel may shine through. If the 
material being copied has been printed on both fides, 
such as you might find if you were copying a page from 



a magazine, the ink from the reverse side may possibly 
show through. Should you encounter such a situation, 
it would be wise to back the original being copied with 
black paper in order to avoid recording the material 
on the reverse side. 

Colored line originals. In general, the technique of 
copying colored line originals onto black-and-white 
film is essentially the same technique as that used for 
copying black-and-white material. Among the colored 
line subjects which you may be required to copy are - 
maps that have been printed in several colors in order 
to define different terrain features; drawings that have 
been printed in coloredlnk, with the color identifying 
various mechanical features; and blue-prints. The 
usual probleip is to obtain the greatest contrast 
between the line and the background materials.. 
Typically, it is best to use panchromayc film for this 
type^f copying, since filters are most frequently used 
to obtain the high degree of contrast that is necessary. 
For example, when copying a blueprint maximum 
contrast can be obtained by using a red filter which 
will cause the blue background of the diagram to 
appear clear on the negative. 

Black-and-white continuous tone originals. The most 
common black-and-white, continuous tone original 
that you will be required to copy will undoubtedly be a 
photographic print A good copy negative made from 
such a print should closely resemble the original 
negative. It should have the same gradation in tones as 
the original. Accurate rendition of this type of original 
requires the use of a film with a medium contrast, as 
well as the correct exposure and development. 
Obviously if you underexpose a negative ki a camera, 
you lose shadow 'detail. The same is true in copying 
By the same reasoning, overexposure in. either 
situation causes a blocking of highlight detail. 

Very often you may be required to copy old 
photographs that are wrinkled or creased. These 
wrinKtes or creases generally cause reflections. The 
print may be flattened out by pressing the print under a 
piece of heavy glass. You will then have to use the 
appropriate lighting^ reduce reflections off the glass 
surface. 

Ordinarily, if the print is badly soiled, it should be 
cleaned before copying. If, however, it is a valuable 
print, you should obtain the best possible copy 
reproducuon before attempting any cleaning. Of 
course, if damage to the old original is considerable, 
you obtain the best possible copy, then retouch the 
resulting pri^t and recopy it 

Stained prints can be copied on panchromatic film. 
When you do this, use a filter as close as possible to 
the color of the stain. In fact, for best results, the color 
of the filter you use should be somewhat deeper than 
the color of the stain. For example, if a print has a 
yellow stain, it-should be copied on panchromatic film 
in conjunction with a deep yellow filter. 

In c&ntrast with stained prints, copying faded prints 
is differed For one thing, if the image has turned 
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yellow with age, you must restore its original 
brilliance. Consequently, you should use a filter which 
is opposite in color to the faded image. For example, if 
the image has turned yellowish-brown, you can copy 
the prim on panchromatic film with a blue filter. In 
such a* case, you may find that rather than using 
panchromatic film, it is simpler to use blue-sensitive 
film without a filter. 

Color continuous tone. Various types of color 
continuous tone originals may be successfully copied 
onto black and white. Examples of these include water 
or oil color paintings, color photographic prints or 
magazine illustrations. Typically, you would use 
panchromatic film of moderate contrast Filtration 
may be necessary if you need to achieve contrastier 
tonal separations. 

A soiled color print may be very difficult to clean 
because of the nature of the dyes that make up the 
image. You may find that the best way is to copy the 
soiled print and then retouch the print made from the 
copy negative. The retouched print then can be copied. 

Stained color prints can be copied through the 
appropriate filter. The filter should be darker than the 
stain color. One problem is that the filter will affect the 
other colors of the print 



Exercises (605): 

1. Match the copy subject in column A with the 
appropriate category in column B. 

% 

Column A Column B 

1. Musical scores a. Color continuous tone 

2. Color schemauc b. Black-and-white line 

3. Black-and-white 'scenic c Black-and-white conunuous 
photograph tone » 

4. Oil painting d. Color line 

2. What type of black-and-white film should beotsed 
to copy a line drawing? Why? . 



3. If you have a print that has a green stain, what 
color filter should you use? 



4. If you are copying a page from a magazine, what 
precaution should you take? 



5. What color of filter should you use when copying 
a yellow faded print? 
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606. Select the appropriate film/developer 
combination for different types of copy subjects. 




Film/Developer Combinations for Copy Work. 
The variety of .subjects to be copied are such that no 
one film can satisfactorily reproduce all of them. 
Consequently, the selection of a film/developer 
combination should be governed primarily by the 
classification of the copy subject. Since the 
characteristics of film emulsions vary widely, it is 
important for ^ou to know these differences so that 
you can choose the proper film for the desired results. 

Films designed for copy and reproduction are 
general!) slower than conventional films for general 
everyday usage. This reduced sensitivity provides good 
resolving power, maximum definition of subject 
matter, and greater control of contrast. However, the 
exposure latitude is shortened and this creates the need 
^S6x increased exposure accuracy. In fact, the slower 
photomechanical films, such as Type VIII Class E, 
become most critical. 

Even the manufacturers, realizing the various 
sources of illumination, omit any specific film speed 
rating for Type VII films. Only a suggested exposure is 
included with the data charts. Photomechanical film is 
primarily designed for exactness in image-scale 
reproduction and consists of a thin base with a very 
low percentage of shrinkage or stretch during 
processing. Most frequently used is Class E having an 
orthochromatic emulsion, which can be handled 
under red safelights for identification because the 
familiar code notches are not included. Type VIII, 
Class H/film is available when panchromatic 
emulsions are essential. 

To obtain the maximum contrast that these 
photomechanical films are - capable of producing, 
develop them in a fine line developer. This solution 
comes in a two-package "A" and container. Each 
package of powdered chemicals must be thoroughly 
dissolved and stored in well-stoppered containers. The 
working solution consists of equal parts of "A"' and 
"B," which tends to exhaust rapidly due to its high 
alkaline content, and should be used shortly after 
preparation is completed. Agitation is recommended 
during the first 20 seconds and range of average 
development is 2 to 4 minutes. Should a substitute 
solution such as D-19 be used, increase exposure 
' about 25%. 

The primary guideline of consideration is the type 
of original tojj^ copied The classifications itemized 
in table 2-1 provide an average guide: (1) 
orthochromatic emulsions, class E, or high-contrast 
E-l and gravure for black-and-white subjects; (2) 
panchromatic emulsions, class H, for high-rfmtrast, 
and class A for subjects containing all colors or 
continuous tones of intermediate shades and densities; 
(3) type VII for scale stability and mechanical 
capabilities supk as engraving; (4) type V is generally 
applied to certain photographic printing requirements 
in production of copy negatives, k 
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TABLE 2-1 

FILM/DEVELOPER COMBINATIONS USED IN COPY PHOTOGRAPHY 



3^ 



FILM 

oescfttmo* 



PROCESS 
PANCHHOMATIC 



PROCESS 

ORTHOCHROMATIC 



PHOTOMECHANICAL 
PANCHROMATIC 



PHOTOMECHANICAL 
ORTHOCHROMATIC 



PHOTOMECHANICAL 
PANCHROMATIC 



PROCESS 
PANCHROMATIC 



COMMERCIAL 
ORTHO 



MED-CONTRAST 
PANCHROMATIC 



MED-CONTRAST 
PANCHROMATIC 



MED-CONTRAST 
ORTHOCHROMATIC 



FILM 
CLASSIFICATION 
TYPE CLASS 



VII 



VII 



VII 



H 



E~l 



CRAVURE 



SUBJECT 
CLASSIFICATION 



BLACK A NO 
WHITE LINE 
DRAWINGS 



COLOR 
LINE 
DRAWINGS 



BLACK 4 WHITE 
CONTINUOUS 
TONE 



COLOR 
CONTINUOUS 
TONE 



CONTINUOUS 
I HALF-TONE 
B & W 



( 

Periapt the one film which could be classed as 
general-purpose for the majority of routine copy in 
photography is commercial ortho (type V, class E-l). 
This emulsion is closely related to Gravure film and 
provides fine detail plus delicate tone gradations. 
Landscapes, portraits, machine illustrations, and 
mechanical ports illustrated in blade and white are 
typical subjects for copy using commercial orthp. 
Ortho is of course not suitable for color copy as it is 
insensitive to red 

Another popular copy film is panel iromatic class A. 
Characteristics of medium contrast, speed, and grain 
coupled with good resolving power make it suitable 



DEVELOPER 



D-lf 
(AF 1) 



D-lf 



F INCLINE 
"A" ft "B M 



"A" ft "B" 
FINELINE 



FINELINE 
"A" ft "B" 



D-Jf 
(AF 1) 



DK-50 
(AF 2) 



(AF-:) 



DK-50 
(AF-*> 



DK-50 
(AF 2) 



RATIO OF 
DILUTION 



NONE 



NONE 



NONE 



NONE 



NONE 



NONE 



1-2 



1-1 



1-2 



1-2 



TIME 
tl«F 



* MIN 



4 MIN 



2-4 
MIN 



2-4 
MIN 



MIN 



6 MIN 



4 MIN 



5 MIN 



4 MIN 



4 MIN 



\ 



for all black-and-white and color continuous tone 
subjects. 

Exercise (606): 

1. Match the contct film/developer combination 
listed in column A with the appropriate copy 
subject listed in column B. Be sure not to use a 
particular combination more than once. 
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Column A 

1. VH/FinelineA&B 

2. VA/D.19^ 

3. VE-1 /DK-50 



M 



Column B 

a. Black-and-white portrait 

b. Oil painting 
c Blueprint 
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Column A 

4. VUE/D-19 

5. VE/D-19 

6. Gfivurc/Fioeline 
AAB 

7. VH/D-19 

8. VHA/RndtneA&B 

9. VAyDK-50 > 
10. VIIH/D-19 



Column B 
Black-and-white achematic 



Bellowi extension 2 
Focal length 2 



bellows extension factor 



Example: 

Bellows extension U 12 inches. 
Focal length is 6 inches. 

II 2 144 4 

— 3 -— « T » 4 (bellows extension factor) 
6 2 36 1 



2-2. Scale Change Provisions 

The scale of a reproduction is the ratio between any 
linear dimension of the copy and the related 
dimension of the original. For example, if an 8 x 10 
picture is reproduced at half scale (50-percent 
reduction), the reproduced dimensions on the negative 
are 4 x 5. As you will be required to do copy work at 
other than one to one.(l 00- percent), you will need to 
know how to make appropriate scale changes. In 
addition, scale changes will involve changes in 
exposure which you should be well aware of. 

NOTE: Fortunately, most copy cameras have 
calibrated scales which help the operator to achieve 
proper reproduction ratios without mathematical 
calculations. 



607. Solve a series of scale change and copy 
exposure problems. 

The focal length of the lens, the bellows extension, 
and trie distance from the subject to the lens are ail 
interrelated when you are trying to achieve proper 
scale. These relationships can be easily established by 
two simple formulas: 

* Bellows extension^ FL x (scale +1) 
Subject distance = BE + scale 

Now, let us use, these two formulas to solve two 
sample problems. Find the bellows extension and 
subject distance for a 12-inch focal length lens at two 
different scales, as shown by the following: 

Scale 1 to 2 (50%): 

Bellows extension = 12 X (1/2 + 1)= 18 inches 
Subject distance =18 + 1/2 = 36 inches 

Scale 1 to 1 (100%): 

Bellows extension = 12x0 «f 1 ) = 24 inches 
Subject distance = 24 + 1 = 24 inches 

As these examples show, to accomplish different 
ratios in reproduction, ymj^rmist vary the bellows 



extension. As the bello 
effective focal length 
change in "focal len; 
values inaccurate. Yoi, th 
bellows extension fact >r whici 
exposure so you wil^ not 




is increased the 
increased. This 
librated aperture 
vt to calculate a 
used to increase 
derexposed. The 



Once the bellows extension factor has been- 
calculated, you then multiply that times your 
conventional exposure (determined by a light meter, 
etc). For example, if the conventional exposure was 
1 !2 second at f/1 1 and your bellows extension is 4, the 
new exposure would be 2 seconds (4x1/2) at f/1 1. 

NOTE. Long exposure times are not a problem 
with copy cameras as they are normally very rigid. If, 
however, there is a reciprocity failure problem, you 
then can change the aperture setting as appropriate so 
that the exposure time is not too long. 



Exercises (S07): 

1. A 200-percent enlargement of a 3" x 4" 
photograph would give you what final 
dimensions? 



2. A 25 -percent copy of a 4" x 5" painting would 
give 'you what dimensions? 



3. Assume you are using an 8-inch focal length lens 
and you are making a 1-to-l copy. What will be 
the bellows extension and subject 'distance? What 
will be the bellows extension factor? What will be 
your new shutter speed if the conventional 
exposure is f/8 at 1/8 of a second? 



Suppose you are using a 12-inch focal length lens 
and you are making a 2-to-l copy. CalarlatSnhe 
bellows extension and subject distance, the 
bellows extension factor, and your new shutter 
speed if the conventional exposure is f/1 1 at 1/2 
second. 



following formula is used to compute this factor. 



2-3. Duplicating Transparent Material 

In the Air Force there is an ever increasing 
requirement for the production of slides for briefings 
of VIPs, orientation of new personnel, and training 
aids. We can safely say that any subjparihat can be 
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photographed or copied can be readily presented as a 
slide. The primary function of any material presented 
in slide form is educational and usually supports a 
lecture or demonstration. The combination of audio- 
visual communication is used J n nearly every learning 
situation. It has been proved that the education value 
of any lecture is enhanced by the inclusion of graphs, 
charts, maps, or original scenes in slide form. 

Duplicating of 35mm slides will probably be your 
main transparency copying assignment. In another 
volume of this course we discussed the operation of the 
Repronar, which is specifically designed for slide 
copying. Other similar units are available, and one can 
use almost any 35mm reflex camera to do slide 
copying with the proper adapters. In this section we 
will briefly talk about the films and corrective 
techniques you can use in slide duplication when using 
a unit like the Repronar. 

608. Identify as true or false statements related to 
the duplication of slides. 

Films Used for Slide Production. Slow speed, fine 
grain, reversal color film is the mainstay for slide 
production. Many manufacturers produce color film 
that is specifically designed for slide duplication. The 
use of color film is even suitable when the subject is 
black and white. This is particularly true when you do 
not have reversal black-and-white film capability. 

One of the difficulties encountered in duplicating 
transparencies is the tendency of the copy to be 
contrastier than the original. The contrastier duplicate 
has washed out highlights and blocked up shadows, 
both lacking in detail that was present in the original. 
This can be corrected by controlling exposure and 
development. 

Corrections During Duplicating. First, when 
copying slides with a tool like the Repronar, it is a 
good idea to remove the slide from the slide mount. 
This will insure that you can get a 1 to \ copy. If you 
copy the slide in the mount, pan of the original image 
is cut off by the mount, and your duplicate image will 
farther reduce the image by its mount. This can be 
critical if you are copying slides that have titles that 
could be cut off. 

It is possible to correct for improper exposure, 
composition, or color balance when copying. 
Composition can be corrected through enlarging the 
image, thereby cutting off some distracting elements. 
Regrettably, as you enlarge there>will be more "grain" 
in the duplicate. Color correction or exaggeration can 
be achieved through the use of filters designed for 
color photography. In fact, for exact color fidelity, a 
filter may be needed, depending on the type of copy 
film that is being used and the Kelvin temperature of 
the exposing light source. (By studying Chapter 5 of 
this volume you will have a better understanding of 
how to use color films.) v 

Under or overexposed slides can be corrected. 
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When using the Repronar to copy an underexposed 
slide so that it will be underexposed in the duplicate, 
you should open one f/stop for each stop of 
underexposure. To correct (to achieve normal density) 
open two f/$tops for each apparent stop of 
underexposure. Best results are achieved by bracketing 
your exposure (The procedures used for the Repronar 
may not apply to other types of equipment. As always, 
read your equipment instructions for best results.) To 
copy an overexposed original, the diaphragm should 
be closed down one stop for each apparent f/stop of 
overexposure. To correct (to achieve normal density 
instead of an overexposed copy), the diaphragm must 
be closed one additional f/sto^ for each apparent 
f/stop of overexposure. 

NOTE: The correct density for any slide is often a 
matter cf amnion. It may be affected by the type of 
composition/Mhe particular feeling you want to 
convey, and the type of projection equipment you are 
using. This last point is quite important. Some 
projection systems are quite powerful and a slide that 
might appear to be normal when viewed on a light 
table may appear overexposed when projected. 
Conversely, there are some audio-visual equipment 
systems that have weak projector outputs and the slide 
may appear underexposed. It is therefore important to 
understand how the requester will use the slide. 

Duplicating slides can also permit many creative 
effects. For example, it is possible to make multiple 
images by successively copying more than one onto the 
film. In this manner you can also add titles or other 
graphic work. You can, as was mentioned before, use 
filtration to alter the color balance to achieve 
distinctive effects. 

Slides are extensively used for the visual element in 
briefings and training. Therefore, you should practice 
shooting and duplicating slides, as these are vital parts 
of any base photo lab operation. 

Exercise (608): 

1. Identify whether each of the following statements 
regarding the duplicating of transparencies is true 
or false. 

a. It is best to use high-speed color film when 
duplicating a slide. True or False 



b. If >uu copy a mounted slide, you will be able to 
get a 1 to 1 image. True or False 



c. You can correct for color balance when you 
duplicate. True or False 
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d. It is possible to add titles to your slides. True or 
False 



c To correct for a two-stop underexposed slide 
when you are working with the Repronar, you 
must open up four stops. True or False 



2-4. Use Specialized Copy Procedures 

There are a number of specialized copy procedures 
which you may come in contact with during your 
photographic career. These may include microfilming 
and use of photocopiers such as a Xerox machine. In 
this same vein is the MP-4 multipurpose land camera. 
This versatile tool can be used in^ variety of copy jobs 
and as an enlarger or a view camera (one without 




Figure 2-2. MP-4 copy camera, 
31 
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swings and tilts). As you may well be able to use this 
camera system or its predecessor, the MP-3, we will 
briefly discuss its possibilities as an example of a 
specialized copy process. 

609. Complete statements on the capabilities and 
operation of the MP-4, 

The MP-4 is a copy, photomacrographic and 
photomicrographs recording system* (See fig. 2-2.) It 
is copy stand mounted with eye-level reflex viewing. 
With interchangeable Polaroid roll, pack, and 4 x 5 
film holders, there is a choice of 14 different types of 
Polaroid films. In addition, adapters and cut film 
holders make it possible to use conventional 
photographic films ranging from 35mm through 4x5. 

Four flat field copy lenses are available, ranging 
from a 35mm macro through an all-purpose 135mm 
lens. This makes it possible to meet any type of copy or 
enlargement requirement However, only the 105mm 
and 135mm lenses focus to infinity, making these the 
only choices when the MP-4 is used as a conventional, 
tripod-mounted camera. All the lenses are color 
corrected and are barrel mounted for quick change in 
the shutter. '%V f 

There are three shutters whi$i%e available. The/ 
basic one has a Copal self-cocking, shutter with speeds 
from one second to 1 /l 25 of a fccond, plus "B" for 
time exposure and "X" for flash synchronization. 
Connected to the shutter is a preview cable. The cable 
opens the shutter for viewing and focusing. 

The MP-4 comes mounted to a column which is 
attached to a laminated baseboard. The camera can be 
tilted through 360° and locked in any position. The 
camera is removable for use on a tripod as a view 
camera. On the XLR model (model with the most 
features), the column can be rotated completely 
around its base permitting pictures to be taken in any 
direction or at any angle. Other Polaroid and 
conventional cameras can be attached to the column 
using the universal camera mount 

The lighting assembly consists of four 150-watt 
reflector flood lamps attached in pairs on each side of 
the base. The lamps are adjustable to insure even 
lighting. 

The accessory list is extensive so that the MP-4 can 
be adapted to a number of assignments. These 
accessories include a condenser enlarger head to 
convert the PM-4 to a standard 4x5 enlarger, glass 
negative carriers for negatives from 35mm to 4 x 5; 
different types of focus screens, film holders, and 
camera heads; tripod adapter, microscope adapter; 
and a macro extension for closeups, etc. 

Operation is pretty straightforward. The subject to 
be copied is laid flat on the t cooyboard. Viewing 



through the reflex hood you can focus the image 
within the format indicators outlined on the focusing 
screen or ground glass. (The image will, however, 
appear reversed from left to right.) The image size is 
controlled by raising or lowering the camera just as 
you would do when enlarging. By adjusting the 
bellows you can achieve fine focusing. Once the image 
is focused and is of the proper size, you can then check 
the lighting. The lighting should be even. (In adjusting 
the lights, you may set vibrations in motion. If this is 
the case, wait about 30 seconds for the unit to 
stabilize.) Once everything is set you can put the film 
holder into position. You can determine the exposure 
by taking a reflective light meter reading and making 
adjustments for copy ratios and any filters. 
(Remember, with Polaroid film it is so easy to run tests 
to determine correct exposure!) Set the aperture and 
the shutter speed. Make your exposure. Very easy, and 
the results are of top .quality. 

Exercise (609): 

1. Complete statements on the capabilities and 
operation of the MP-4. 

a. The MP-4 can handle film sizes up to . 



b. There are . 



on the MP-4. 



c. The 



. copy lenses available for use 



and 



lenses are 



suitable when the MP-4 is used in the 
conventional camera mode. 



d. The basic MP-4 shutter is _ 
shutter speeds ranging from 
through 



.and has 



e. There are 



watt flood 



lamps to provide even lighting. 



f. Viewing is through a 



. hood. 



g. The MP-4 hpad can be rotated through . 
degree?. 
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CHAPTER 3 



Photographic Assignments 



A PHOTOGRAPHIC WORK order simply slates a 
desired result that mi^be provided. Your supervisor's 
task ±s to determine the course of action to be followed 
to give the user the^test quality work available at the 
least cost to the Air Force. As you can undejstand, this 
requires planning for the^ntire task. 

Each photographic facility has its own set of 
conditions, such as personnel, workload, and 
equipment. Photography is not a field where there is 
only one set method to accomplish^ each task. 
Therefore, many factors must be considered in 
determtning;how a job is to be carried out. ^ 

It is important that when you are called upon taJ 
cany out a mission, you are aware of whatis? required. 
In this way you can apply the skills you are mastering 
to get the necessary results. In this chapter we win 
discuss many of the various types of missiriri&you may 
be assigned to do afiy some of the basi^techniques you 
may want to use. *« ^* 



3-1. Apply Public Relations Principles to u. 
Photographic Assignments r 

Public relations in Air Force-photography involves 
two concepts, first, the use of photographs to gain the 
public's active participation, and support of Air Force, 
programs; and second, your relations with the public 
when on assignment. The first concept you will learn 
as you carry out assignments for the information 
office. The second concept is one which applies to any 
mission you will do. It is, therefore, the most 
important and one you can'start applying right now. 

610. State principles and techniques of public 
relations which are used during a photographic 
assignment. ° ^ 

Human Relations, the Basis of Public Relations. 

To function successfully as a photographer you must 
have more than a general knowledge of photography. 
You must be the complete master of your tools and 
techniques; and in addition, you must understand 
something of human relations. It is not enough for you 
merely to be polite and courteous. To photograph fhe 
complexities of people in everyday life, you should 



understand what motivates them, what shapes their 
attitudes, or simply, "what makes people tick." 

u For the sake of discussion, we can arbitrarily state 
that individual characteristics of people come from 
four sources. They are biological-genetic, cultural, 
SQciological-economic; and psychological. 

Every person is, in a sense, a complex arrangement 
of the above factors; and if we understand them, we 
may be able to understand ourselves or, more 
importantly, the people who come before our lenses. 
Remember, these characteristics are interrelated and 
are separate in this discussion only for the sake of 
clarity. Let us look at each in turn. 

^Biological- genetic factors. In this category, we must 
consider race, sex, stature, physical assets or liabilities, 
< and intelligence. 

The intelligence of an individual develops and 
changes with his environment, even though there, is a 
^biological-genetic basis for the intelligence a person 
possesses. Qne theory suggests three classifications of 
intelligence: mechanical, social, and abstract. As a 
photographer, your mechanical intelligence allows 
you to manipulate your equipment; your social 
intelligence allows you to understand and deal wisely 
witlyxople, and your abstract intelligence provides 
you with the ability to handle symbols, ideas, words, 
numbers, formulas, and scientific principles. 

The second factor, sex, is a strong biological and 
psychological drive which affects rach of us. It has also 
been r used in a discriminatory sense. Women in 
America, for example, have been stereotyped in 
homemaking and child-rearing roles. Today, more 
and more women are asserting their rightful 
individuality so that "male" and "female" roles are no 
longer so rigid. In the Air Force women are serving in 
J almost all of the career fields. It would, therefore, be 
/ in poor taste to photograph a woman serving in (he Air 
Force sinrtply as a M sex symbol." 

The third and final factor is race. Race is often 
confused with nationality. People speak of the 
"English," "German," or the "Italian" race. But the 
people of these countries are descended from many 
races. The) are properly called peoples, for each grobp 
has its own language, culture, traditions, and political 
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ideals. This does not make them races. Races are 
generally distinguished by outward physical 
appearances, such as skin color, hair texture, stature, 
and facial features. Race has been cruelly used by 
ignorant people as a basis of discrimination. 

Cultural factors. Cultural factors include customs, 
manners, modes, values, symbolism, symbolic 
behavior, language, laws, and judgments. All of these • 
traits, habits, and characteristics which separate man 
from the other animals arc learned by mart as part of 
his society. Each society has its own hierarchy of 
values. Your values may be quite different from those 
of other people. You must respect the values of other 
people even if you don't share them. 

Sociological-economic factors. Each of us is a 
member of a group, or of many groups. We identify 
groups by such vague terms as "middle class," "blue 
collar," "jet set," "disadvantaged," or any other 
stratified ranking or position in our society. Often 
these rankings are based on job type or social standing. 
Each group normally demands that (1 ) we exhibit the 
traits and characteristics of the group in question and 
(2) be accepted by other members of the group. Unless 
these two conditions are fulfilled, we do not belong to 
the group. (You are fulfilling these two conditions as 
you adapt to Air Force life.) Understanding what 
group your photographic subject belongs to may help 
you in understanding him. 

Psychological factors. This is the realm of the 
individual. How does he cope with reality? What arc 
his defense mechanisms? Does he project his fears to 
others? What is his opinion of himself in relation to 
the world around him? Above all, how well does he 
adjust? The more you know about your subject the 
better able you will be to accurately portray him or 
her. 

"What does this have to do with photography?" 
When you, the working photographer, come into 
contact with people, you are involved with what might 
be called the "situation." If you could predict all your 
subject's personality "hang ups," you could predict 
how your subject would react in a given situation. You 
have to remember that you, too, haVe your own "hang 
ups" as well, and that they arc also an integral part of a 
"situation." Out of this situation, something must 
happen, and these arc the "consequences." In our case, 
the consequences must bit good pictures. How good 
these pictures are is the direct result of how well you 
control the situation. 

To help you control the situation, you- must be 
aware of another aspect of human behavior. 
Sociologists and psychologists designate the various 
things we do in certain situations as role play. We all 
play many and varying role$ in life, many of them 
simultaneously. For example, the base commander 
may* also be a pilot, husband, father, and sports 
enthusiast. In each case his role is different and the 
degree of formality and pictorial content required in 
each situation Would bt different. 



Only experience can give you the sensitivity you 
need to effectively function asa creative photographer. 
Knowledge of what motivates people, as individuals 
and as members of complex groups, is just as much 
your stock-in-trade as your camera and film. Too 
often, too many of us spend endless hours refining 
camera handling techniques, time that could perhaps 
be spent more profitably developing the confidence 
and genuine interest to establish rapport with people. 

We, therefore, cannot hope to give you guidance for 
all of the situations that could possibly arise. But, we 
can give you some general guidelines that may help 
you in the future. The "Golden Rule" is just as valid 
today as when it was first conceived. Common 
courtesy, proper military bearing and appearance, and 
efficient camera and lighting techniques can go a long 
way in giving you situational control. Respect your 
subject and your subject will respect you. Be 
considerate of his likes and dislikes and he will be 
considerate of yours. Be compassionate and 
understanding and you will be understood. Have 
confidence in yourself and your equipment and your 
subject will have confidence in you. You should be 
familiar with all of the general rules of military 
behavior and conduct. If overseas or in a strange 



environment, take the time 
and social graces. They 



to learn the local customs 
pave the way to better 



photographs. All of this can be summed up in two 
words— BE PROFESSIONAL. 



Exercises (610): 

1. Individual characteristics are molded from what 
four sources? 



2. What are two factors which may determine a 
person's intelligent? ^ ~ 



3. What is the difference between race and 
nationality? 



4. What two conditions must be fulfilled for you to 
belong to a group? 



5. Why does it pay to be professional? 
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Figure 3*1. Author, title, and subject cards. 



determine: who is taking part; what will be taking 
place; when and where it will be held ancf why (reason 
for or significance of the event). If you cannot get this « 
information from the work order, you should contact 
your supervisor or the requester to make clear these 
very basic aspects of the assignment. Once the basic 
factors of the assignment are made clear, you can 
organize an equipment check list and a plan for 
shooting. In this way you will better insure mission 
success. 

Exercise (611): 

1 . Identify and briefly explain the 5Ws of journalism 
that can be applied to assignment research. 



612. Complete statements on the use of the library. 

To carry out a variety of assignments, today's 
photographer must be a well-informed individual. 
You have to know what is happening in areas of 
military affairs, science, politics, fashion, sports, 
music, environment, etc. This makes it possible for 
you to determine what pictures will best illustrate 
various ideas. It is also easier to communicate with a 
wide variety of people if you keep yourself well 
informed. To keep up, you should talk to all kinds of 
people^watch television; go to movies; and read 
newsjg|j|rs, books, and magazines. The base library is 
also a* very rich source of information and should be 
used on a regular basis. To this end we will briefly 
discuss the library system. 

.Library Classification Systems. Libraries contain 
thousands of books and*, obvioiisly /"there has to be 
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3-2. Perform Photographic Assignment Research 

Prior tq rushing out on a camera assignment, you 
should have a clear idea of what is required. Only in 
this way can you make an intelligent choice of camera 
equipment, film, flash or other lighting equipment, 
and the many accessories you may need to fulfill the 
assignment By applyingtoe "5 Ws" of journalism, you 
will have the necessary information. 

611. Identify and explain the 5Ws of journalism. 

In almost every news story the reporter wants to 
find out the who, what, when, where, and why of the 
story. You can apply the same principle prior to going 
outaon a job. Most of the information will come from 
the work order. From it you should be able to 



9l9.f s*Umk, Url 



C#S« lint* tftSSft jr«U«« SSI*S, to 

Sthssskj illustrsts* to ths «ittwr. 
Xfltissasolis. *— Ysrk. (*• !»»»• Mrrlll 



- 372?* illus Urn 



- "first £11 t is «* 

1. NlysftsU-Dsssriftiss *** Trail 

I Titis \ 

Library »f Csngrsss \ 



MMMTi H.ACI 



PljCStStl wl *»QTt j 

0 THt t l^ttlH UHPU »HlC» TW» »0Q« HAT j| fOVHO\ 23 1^637 

Figure 3-2. information found on catalog card. 



35 



3U 



some wiy of keeping up with tbem and locating them 
quickly. Therefore, libraries arringe their books 
according to some system. The most commonly used 
one is the Dewey Decimal system. 

Dewey decimal system. Under this system* 10 broad 
claim include ill books. Each class is assigned 
numbers as follows: 
000 — GENERAL WORKS (bibliography, 

ne w sp apers , periodicals, etc) 
100— PHILOSOPHY (ethics, logic, psychology, 
etc) 

200— RELIGION (theology, Bible, etc) 
300-SOCIAL SCIENCES (law, education, 

political science, economics, etc) 
400 — PHILOLOGY (study of written records, 
/\ linguistics, etc) 
S 5oG— PURE SCIENCE (physics', mathematics, 

sdlfpnomy, etc) 
600— USEFUL ARTS (electrical engineering, 

radio principles, wireless communications, etc) 
700 — FINE ARTS {photography, music, sculpture, 

etc) - 

800 — LITERATURE (of all countries) 
900— HISTORY (geography and travel, ancient, 
modem, biography, etc) 

The system further divides each of the 10 broad 
areas into 10 subdivisions. In turn, each ,of the 
subdivisions is divided iiuo 10 pans. Finally, each part 
is divided into 10 classes ^nd a decimal number is 
assigned to each. This system gives you a precise 
number by which you can look up the book. 

Card cata log. The card catalog is the key to the use 
of the library. It allows you to locate All the books in 
the library quickly and easily. It contains alphabetical 
index cards by^author, subject, and title. The card 
catalog consists of cabinets with drawers containing . 
cards. A labelbn the front of eacfi drawer tells you at a 
"|Iance that the cards are listed in alphabetical order. 
There are guides in each drawer to help you locate 
information without having to thumb through a large 
number of cards, p / 

• You can locate books from three types of cards: 
author, title, and 'subject cards. Figure 3-1 shows that 
the same book is filed three ways. You can see that the 
three cards contain exactly the same information- The 
difference is in arrangement The author's name comes 
first on the author card, the title first on the title card, 
and the subject first on the subject card. By including 
the three types of cards, the card catalog makes it 
possible for you*to locate a book if you know only the 
author, the title, or the subject with which it is 
concerned. Securing information from a card requires 
that you understandohe basic information on the card 
as showiwn figure 3-2. 

Other crwtotge^Bves. In addi86n to books, the 
library is a continuing source for newspapers, 
magazines, m^pt, atlases, directories, dictionaries, 
encyclopedias, etc Remember to ask the library's 



trained staff to help you solve any research problem 
you may have. 

NOTE* Magazines are a particularly rich source of 
ideas for photography. The National Geographic and 
few. for example, pruvidc * %% phuto eduemtun* wHh 
every issue. 

Exercise (612* 

1. Complete the following statements on the use of 
the library. 

a. Most libraries use the ; 

to arrange their books. 



b. Itrffejewey Decimal system uses 
broad classes to organize books. 



c Under the Dewey Decimal system, photography 
would be found in the hundreds. 



d. If you know either the , y 

or • , you can look up a book using 



the card catalog. 



photographic ideas. 



are particularly rich sources of 



3-3. Select Equipment and Materials^ 

You must know all the tools of your trade. In this 
sense you might be compared to a composer of music 
Your cameras, lenses, and lights are like musical 
instruments. Just as a successful composer knows what 
liis instruments can do and employs them properly, so 
must you choose the proper camera, lights, film, and 
processing to get the most out of the job you have to 
do. 

613. List the factors which most be considered in 
selecting equipment and materials for an assignment 
of any type* • 

When preparing for an assignment you., should 
consider three factors — the prqdua requested, the 
shooting conditions, and the time requirements. Let us 
briefly discuss each one. 

Prodtict Desired. Whether the requester wants 
slides, color, or black-and-white prints* or 
combinations of these will set limits on your choice of 
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film, processing, printing, anU^amera equipment For 
example, slides require the use of a 35mm camera, 
reversal color film, and appropriate processing. This 
film restriction alone may preclude your choice to one 
camera- The requester may instead want both color 
and black-and-white prints. Color negative film can 
give you both products and it is available in a wide 
variety of formats, so your choice of a camera becomes 
much greater. 

Shootiog Conditio**. The who, what, where, when, 
and why of your assignment will be the biggest factors 
in your equipment and film choice, A few examples 
will illustrate the problem. An architectural 
assignment normally calls for a view camera and the 
necessary cut film. A crash and accident can b^jyst* 
handled with a press camera and roll film or film 
packs. A football game is easiest to shoot with a 35mm 
reflex camera and a variety of lenses. Whether the 
event is indoors or outdoors, daylight or nighttime, or 
on a beautiful sunny day or in downpouring rain will, 
for example, call for decisions on film speeds and 
accessory lighting. * 

Each job should be analyzed in terms of additional 
equipment as well. A view camera, for example, 
requires a sturd/tnpod and a cable release. Filters are 
often required for accurate tonal rendition or color 
balance. You should always carry a properly working 
light meter Remember, there is nothing more 
embarrassing than to travel for an hour or two to the 
shooting spot, get set up, and then realize that you have 
forgotten a piece of equipment that will make the 
difference between a "half-baked" job and success. 

Time Requirements* Considerations of time may 
require particular equipment solutions. For example, a 
quick identificauon picture may be satisfied with 
Polaroid. A job that requires only a few shots, but has 
a "short fuse" on delivery may be best handled with i£s\ 
x 5 press camera and cut film. 

It must be stressed that you should carefully analyze 
your work order prior to going out on a job. You 
should <jf*elop a standardized check list that should 
be followed so that you have the equipment you need 
with you. Such preparauon will save you time in the 
long run because it will reduce the number of re- 
shoots and it will prevent your shop from getting a 
poor reputation. 

Exercise ^(613): 

1. List the three factors that should be considered 
when choosing film and equipment Briefly 
explain why each is important 



3*4. Inspect and Test Equipment 

The Commander of SAC has come to present an 
award to the Base Commander. You have all the 



dignitaries in position for the presentation picture. 
You click the shutter but the electronic flash does not 
go off. How do you explain this failure 9 Checking of 
equipment prior to going out on assignment is the best 
way to save such red-faced embarrassment. 



614. Explain techniques and procedures used in the 
inspection and testing of photographic equipment. 

Vistol Checks. Visual checks of camera and lab 
equipment give a good indication of their condition 
and usability. This visual check shouldn't be a quick 
ance but a thorough examination of condition* For 
pie, suppose you are checking a camera bellows. 
A casual examination of the item may indicate 
incorrectly that the bellows is in perfect condition. 
Instead, extend the bellows to its maximum and, in a 
darkened room, place a light inside. If you cannot see 
any' light ieaks, the bellows is in good condition. 
Examine all items with the thought in mind that 
something is wrong and prove to yourself that they are 
all in satisfactory condition. It is surprising how many 
pitfalls you can avoid by looking for trouble in 
advance. 

Operational Checks. Operational checks should be 
performed on each item of equipment There is a 
danger of losing a photograph by a mechanical 
malfunction. This applies to lab equipment. as well as 
the camera and accessories. Any iten> that must 
function to contribute to the final product should be 
considered as a possible trouble spot. For- example, 
without a funcUoning focal plane shutter a 35mm 
reflex camera can become a useless object Therefore, 
you should check the camera shutter very carefully 
prior to going out on a mission. 

There is a tendency to let seldom-used items, such as 
tripods and filters, slip by in the initial test We may 
use a press camera daily and yet use the filters or tripod 
less often. Don't let such usage lead you into a sense of 
false securit 

you k 376 ^^^—^ 

PreventiJ^IBNitenance. Preventive maintenance 
might be defined as those minor maintenance 
procedures which are performed to prevent exc&ss 
wear or other damage to equipment. A small amount 
of oil on a squeaky bearing may preyent such a bearing 
from - becoming damaged. Such preventive 
maintenance is mainly up to you and your common 
sense. It -may include simple techniques such as 
tightening a loose screw or greasing a gear. Such 
maintenance *ill prevent costly breakdowns. Let us 
consider three general categories of preventive 
operator maintenance — adjustments, cleaning, and 
lubrication. 

Adjustments. Adjustments must be made 
periodically if top quality results are to be expected 
from your camera and lab equipment Technical 
manuals for each piece of equipment contain the 
procedures for making any required adjustments such 



ieck each item against a check list that 
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as zeroing a light meter needle. When you do make an 
adjustment, be sure you follow the proper procedures. 

Gaming. ^11 equipment, whether it is constructed 
from wood, metal, glass, or plastic, should be kept 
clean. Dust or dried chemicals can raise havoc in any 
photographic process, from the beginning to the final 
product All cleaning should be done with the 
appropriate rlranvr for what is. being cleaned. 

Lubrication. Periodic lubrication of any functional 
camera and lab equipment is a necessity. Points where 
friction is created will wear any time the correct 
amount or correct viscosity of the lubricant is ncft 
maintained. On any equipment, the unit, its location, 
the method of application, the lubricating period, and 
the type of lubricant are specified in the applicable 
technical manual. 

NOTE: Remember, the extent of operator 
maintenance may vary from one laboratory to another. 
Limitations are due to the availability of maintenance 
personnel, the time it takes to send out a piece of 
equipment for repair, and the applicable* regulations 
and technical orders which spell out areas of 
responsibility. 

Exercises (614): 
1. What is the purpose of a visual check? 



2. Why are operational checks important? 



3. What is the advantage of performing prevent! 



maintenance: 



^enu^^ 



List and briefly explain three techniques that are 
applied in preventive maintenance. 



5. What limitations may there be on operator 
maintenance? 



3-5. Portrait Photography 

A portrait is not just another photograph. It is a 
carefully composed portrayal of a person often used 
for publicity purposes or as a method of identification. 
(Identification and passport photography will be 
covered in a later section.) Good portraits do not just 
happen — they result from careful application of many 
different techniques* Above all, good portraits usually 



result from many yean of experimentation and 
practice. Making good portraits requires both artistic 
and photographic ability. Portraiture often involves 
working with persons of senior rank, children, and 
members of the opposite sex. Self-confidence and the 
ability to handle people properly are extremely 
important * 

615. State the requirement(jfp r portrait 
photography. 

Portraits are an important part of any base photo 
lab mission. Portraits are used in personality features, 
for key-man and chain -of -command displays, and for 
the very important AFR 36-93 requirements. Let us 
discuss each one of these. 

Personality Features. People are interested in other 
peopie. On every base there are thousands of 
individuals who are contributing to the Air Force 
mission. Their individual accomplishments can be 
spotlighted by a picture story. Such a story would be 
highlighted by semifonnal and informal portraits of 
the individual. The majority of these pictures would be 
taken at the individual's place of work or when he is 
taking part in the activity that has made him stand out 

Groups, too, can be considered. Portraits of the 
winning softball team or a group of volunteers who 
make monthly visits to a home for the aged are 
common examples. These portraits are taken on 
location and 1 emphasize the group's particular 
accomplishment 

Key-Man Pictures. Each level of command has key 
personnel who hold leadership functions. To spotlight 
their responsibilities, their portraits appear on bulletin 
board displays. Such portraits are usually head and 
shoulder poses taken in the studio. They should be 
dignified military portraits. 

Chain-of-command pictures follow this same 
principle. In each headquarters building there fc 
usually a display of photographs showing a chain of 
'command stretching from the President to the base 
commander, etc Many of these photographs are 
supplied by higher authority. The pictures of the local 
commanders are similar to the AFR 36-93 format that 
will be discussed next 

AFR 36-93. AFR 36-93, official photographs, 
requires officers to maintain official photographs in 
their personnel records. These photographs are 
important as they become pan of the officer's 
promotion folder. The updating of these pictures is 
spelled out in the regulation. As photographers we are 
most concerned with the following specific picture 
requirements. 

A formal pose of officer showing, bead and shoulders 
with the face directly toward the camera and the body turned 
approximately 45* to the right so that the left shoulder is 
forward, wearing blue service uniform with coat (but no 
headgear) and badges and ribbons indicating authorized 
awards and decorations, is required. 8 x ! 0 inch glossy black 
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Figure 3-3. Official officer's portrait tn accordance with APR 
36-93. X 



and white prints only, with 1 /4 inch border on top and sides 
and 3/4 inch border on the bottom. Name tags will not be 
worn. The officer's name, grade. Social Security Number 
(SSAN). and date photograph was taken will be inserted in 
lower left corner of each print, 1 inch from lower edge. 
Gummed or pressure sensitive labels will not be used to 
record identification data on photographs. 

It is very important that a current form of the 
regulation be available at all times, as the officer will 
be relying on your, know ledge and judgment to carry 
a out It will requirfc quite a bit of tact on your part to 
point out to an officer when his appearance or dress 
does not conform to the necessary standards. (Fig. 3 ■ 3 
shows an example of a 36-93 photograph.) 

Exercises (615): 

!. What is the key ingredient of the personality 
portrait? 



2. List three basic categories of portraits you may be 
taking. 



3. Why is it important to keep up with AFR 36-93? 



4. Why must you often exercise tact when taking 
36-93 portraits? 



616. Complete statements on portrait technique. 

The majority of your portraits will be taken in the 
controlled environment of -ypur lab's portrait studio. 
The principles of good portraiture are also applicable 
to location shooting- To belp you along we will discuss 
equipment, working with the subject, composition, 
perspective, and lighting. It must be emphasized, 
because of the number of variables and infinite 
possibilities, that only through practice and intelligent 
analysis of your results can you master this very 
rewarding photographic skill. 

NOTE. It would be to your advantage to read about 
and examine the work of such great portrait artists as 
Arnold Newman, Yusof Karsh, and Phillippe 
Halsman. 

Equipment. Prior to the portrait sitting it is 
important to analyze the work order so that you have a 
clear idea of the requirements. A "36-93" may call for 
a different approach from that of photographing the 
president of the Officers' Wives* Club. The finished 
product that is required will also be an important 
factor in determining the type of film and the camera 
you will be using. Thoughtful preparation will save 
you time and ensure good results. 

Generally, you will be using a 4 x 5 or 8 x 10 
camera for portraiture. Such large negatives permit 
retouching and produce high quality enlargements. 
You will want to use a fine grain film and developer 
combination to ensure top quality- 
It is essential to have your equipment ready for use 
before the portrait sitting begins. Check lamps, flash 
units, shutter, film holders, support equipment, and 
general camera operation. Have one of your associates 
assume the position you plan to use. While your 
assistant is in the correct position, establish the general 
lighting effect desired, the camera position, and the 
approximate bellows extension for proper focus. Go 
through the normal setting up operations that are 
required. After all of the preparatory steps have been 
completed, turn off the lights and await die arrival of 
your subjects). 

Putting the Subject at Ease. Many persons freeze in 
front of the camera- If you know what you are doing 
and if you can give the subject the impression that you 
understand your business, it will go far to dispel his 
nervousness. When posing the subject, verbally direct 
him into the desired position. A good portrait 
photographer seldojn finds it necessary to touch the 
subject. However, if you must adjust clothing or do 
something for the subject that he is unable to do for 
himself, be polite, explain why the'action is necessary, 
and ask permission to take the action. Remember that 
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most people become very annoyed when they are 
"pushed about,** but vhey usually cooperate readily if 
you are polite, gentle, and give adequate reasons for 
the action that is being taken. 

NOTE. Portrait subjects are normally quite 
concerned with their appearance. It is a good idea to 
construct dressing rooms with mirrors to provide a 
place for people to "check themselves out" before the 
sitting. 

Portrait Composition The simplest form of 
portraiture is undoubtedly confined to head and 
shoulder ^iots. Apart from placing the head, there are 
few compositional problems. When more of the 
subject is included, as in a three-quarter shot, the 
placing of the hands and the pose of the figure 
becomes of great importance. 

Since, personal comfort leads to more graceful 
positions being asWied, it is usually desirable to give 
the subject some support- For example, in the case of a 
head-and-shoulders portrait, a stool may be used. A 
full-length portrait, of course, permits no support 

The background is very important. Most portraits 
are posed against j very plain background. Many of 
these backgrounds are in effect ^portable screens 
designed for portrait studtfs. If you keep the 
background well away frorWrc subject, you will throw 
it out of focus and create an appearance of space. 

Your choice of focus and depth of field will be an 
important factor in how pleasing youf'femposition 
will turn out Normally, you focus on the eyes and use 
a fairly wide open f/stop to insure rapidly decreasing 
sharpness. The purpose of the portrait is for the face to 
stand out fromtJj^^vironlnent Occasionally, when 
doing location / shots or where a particular prop related 
to the subject is an important element in the picture, 
greater depth of field may be necessary to get your 
picture message across. *j 

NOTE: When shooting color consider the color of 
the s<$B}sc^background, and any props. It is important 
that therfc~De a harmonious<Dlending of these various 

co iocs. . . y 

Perspective. The perspective of a portrait will be 
determined by the position of the mmera in 
relationship to the sfibject Whether the caaiera is near 
or far, high or^iow, or at eye level will make a 
difference irNfow the subject will appear. Normally, 
for a head-an4*shoulder portrait' the camera. is level, 
with the optical axis of the lenj between the height of 
the subject's lips and tip of his nose. For a jhree* 
quarter figure-shot the tenter of the lens is level with 
the upper chest Fofc a full-length figure, lower the 
camera again until it is level with, or a little below the 
waist You should also maintain a good working, 
distance so you do not have any distortion. 

NOTE: There ate recommended focal lengths for 
S \ different size films and types of portraits in order to 
maintain a good image size. For example, consideV 
these for a 4 x 5 camera: 8V«" to 10" for a head and 
shoulders and a 6" for a full Jength. 



Lighting. Lighting along with subject placement is 
the key element in successful portraiture. Lighting can 
come from either natural or artificial sources or 
combinations of the two. Its direction and intensity 
will determine how the contour of your subject's face 
will appear. 

The single most important principle you should 
apply to achieve correct lighting is that there should be 
only ONE DOMINANT LIGHT SOURCE with all 
other lights subordinate to it To do otherwise will 
cause confusing shadows and light directions. To 
better understand this, let us consider the use of four 
lights, mam, fill-in, hair-light and background. Using 
these four lights in the studio will allow you' to 
perform almost all of your portrait assignments. 

The main light. Generally, -this is a flood lamp or 
broad light source located higher than the subject's 
head and at approximately 45 degrees to one side of 
the camera-subject axis. The light is often diffused 
with a screen to reduce facial textures and eliminate 
harsh shadows. The positioning of the main light is the 
key to your lighting and therefore must be considered 
with great care. Normally, you will use it to establish 
either broad or short lighting. (See fig. 3-4.) 

In broad lighting the main light fully illuminates the 
side of the face turned TOWARD the camera. This 
type of lighting is mainly used to help "widen" thin 
faces. ♦ . 4 

Using the far more common short lighting, the main 
Might illuminates fully the side of the face turned away 
from the camera. Thifc lighting is used for the average 
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Figure 3-4. Positioning the main light 



40. 



BACKGROUND SCREEN 



BACKGROUND SCREEN 



o 



SUBJECT 



^7 




BACKGROUND 
LIGHT 



SUBJECT 



MAIN LIGHT 



ft- 



CAMERA 




FILL-IN 

LIGHT 

DIFFUSED 

231-640 



Figure 3-5. Add the fill-in light 
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Figure 3-6. Add the background light. 
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oval face and it tends to emphasize facial contours 
more than broad lighting. Its effect can also be used to 
narrow plump or round faces. 

One method of placing the main light, regardless of 
the type of lighting, is to watch the resulting catchlight 
(reflection of the light) in the eyes. As seen from the 
camera-lens position, these catchlights should be 
located at approximately the 1 o'clock or 1 1 o'clock 
position in the eyes depending on the result desired. 

NOTE: To position electronic flash units you will 
have to rely on a modeling light The use of a modeling 
light takes experience as it is often much weaker than 
the resulting flash. This is why it is better for the 
beginner to learn portraiture using photoflood lamps. 

The fill-in light. The fill light is diffused, used close 
to the camera at lens height, and placed on the side of 
the lens opposite that of the main light Its purpose is 
to soften the shadows cast by the main light (See fig. 
3-5.) 

Almost inevitably the fill light will add a lower pair 
of catchlights to the eyes. These secondary catchlights 
should be etched from the negative or spotted from the 
print to create a more pleasing effect J 

The background light. The background Oigjit is a 
small lamp on a short stand placed about midway 
between the subject and the background. This light 
provides good tonal separation between the subject 
and the background. (See fig. 3-6.) 

The hair light. This is usually a small lighting unit 
attached to a boom so it can be established above and 
behind the subject Normally, the light is positioned 
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Figure 3-7. Add \he httr light 
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directly overhead, either to the right or the left of the 
subject's hair at bead level, or above and to one side. 
The key is dofrtfet the light spill over onto the face, 
thereby creating unwanted hightlights. (See fig* 3-7.) 

NOTE To eJbbKsh the lighting the way you want 
it, it b best to position each light separately with the 
other lights off. Sonic photographers start with the 
background light, then move to the main, fill-in, and 
hair lights. (To better understand the difference 
between broad and short lighting using four lights, 
compare fig. 3-8 with fig. 3-9.) 

Lighting ratio. Lighting ratio refers to the relative 
intensities at the subject position of the main light plus 
the fill-in light, as compared to the fill-in alone. This 
ratio creates the contrast of the portrait Normally a 
ratio of 3 to 1 will result in pleasing contrast Higher 
ratios are more dramatic but are likely to be 
unacceptable for official record portraits. Here are a 
couple of ways to establish a 3 to 1 ratio: 

a Establish both the main and fill-in light at equal 
distance from the subject, but cut the strength of the 
fill-in by one half. This can be done through power 
settings or by the using of a diffusing screen over the 
fill light 

• With two lights having the same strength, move 
the main light one f/stop closer to the subject For 
example, if the fill light is 1 1 feet away from the 
subject, the main light, should be 8 feet away. 

i/Take an exposure meter reading (reading may be 
inddfcfltjjeflected reading off a gray card or the use of 
a flash-meter) at the subject of the main plus fill-in, 
and then the fill-in alone. In this way you can calculate 
your ratio. 

Portrait lighting is exciting and requires quite a bit 
of practice to be expert Take the time to practice this 
skill so you will be ready for your first portrait 
mission. 



Exercise (616): 

1 . Complete the following statements on portraiture, 
a. By using a large format camera you will have 

portrait negatives that can be and 

readily 



e. For a three-quarter shot, the center of the lens 
is level with the subjects 



f. When using a 4 x 5 camera, you would use a 
inch lens for a ftill-length portrait 

\ 

\ 
\ 

g- There should be only . dominant 

light source when* taking a portrait 



h. To position electronic flash units, you must 
rely on the lights. 



L In broad lighting, the main light fully 

illuminates the side of the face turned 

the camera. 



j. In short lighting, the main-Jight fully 

illuminates the side of the face turned 

from the camera. 



k. A lighting r^fio of * will give you 
pleasing results. 



1. The mlin light plus the fill light, as compared 
to the fill, establishes the 



m.The — [ light is used to provide 

separation between the subject and the 
background. 



b. The subject will not . 



. in front of the 



camera if you establish rapport. 



c When taking a portrait, you normally focus on 
the subject's 



n.*The _ 
* boom. 



light is usually attached to a 



o. To establish a 3 to 1 lighting when the main 
light is 5.6 feet from the subject, a fill of equal 
strength should be placed away. 



d. Normally when taking a portrait, you will want 
depth of field. ** 
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Figure 3-10 '•Ascor'* Scries 360- 1 lighting group. 



617, Identify techniques used in photographing 
different portrait subjects. 

Corrective techniques. Human nature being what 
it is, people appreciate a portrait that brings out the 
best features and tones down the worst. By the proper 
use of equipment and lighting techniques, you can 
achieve this desired outcome to a great degree. The 
following is a suggested list of techniques you can use 
to make each person look his best. 



Problem 
Broad Face 



Narrow Face 
Wnnkled Face 

Facial Defects 
Baldness 



Prominent Forehead 
Long Nose 

Angular Nose 



Possible Solution 
Raise the camera position. Use short 
lighting. Turn the face to the three- 
quarter position. 

Lower main light. Use broad lighting. 

Lower the main Hght. Use diffused 

lighting. Use a three-quarter pose. 

Keep the defects in shadows. 

Lower the. camera position. Use no 

hair light Use a screen to shade the 

light striking the head. 

Tilt chin upward. Lower camera 

position. 

Tilt chin upward. Face is directed 
toward the lens. Lower the main light 
Lower the camera position: 
Tum the face more toward the lens. 



Problem 
Prominent Ears 

Deep-set Eyes 

Protruding Eyes 
Glasses 



Narrow Chin 
Double Chin 

Heavy-set Figure 



Exercise (617): 



Possible Solution 

Hide far ear behind the head. Keep 
near ear in shadow. Consider a profile 
view. 

Lower main light Use lower lighting 

ratio. 4 

Have subject look slightly downward. 

Tilt glasses downward by elevating 

bows slightly. Adjust fill light laterally. 

Have subject raise or lower chin 

slightly. 

Tilt chin upward. 

Raise main light Tilt chin upward. Use 
high camera position. 
Use short lighting. Use low-key 
lighting. Vignette shoulders and body. 
Blend body with background tone 



!. Identify the technique listed in column B used to 
correct the defect listed in column A. 



l. 

2. 
3. 
4. 
5. 



Column A 

Narrow face _ 
Angular nose 
Double chin _ 
Baldness 



Heavy-set figure 



Column B 

a. Short lighting 

b. Tum face toward the lens 

c. Lower camera position 

d. Broad lighting 

e. Use higher camera position 



3-6, Electronic Studio Lights 

Studio type lighting systems are of two basic types — 
continuous and electronic flash. Continuous lighting 
sources provide uninterrupted picture taking light. 
Such light sources as photofloods and quartzhalogen 
lighting units come within this category. Since the light 
is continuous it is easy to direct and to measure. For 
the beginning portrait photographer this is a great 
advantage. The lights, however, are rather "hot" for 

subject. 

\^ore studios are now using the quick, powerful but 
intermittent light of electronic flash. Such a light 
source provides very powerful illumination that 
matches daylight in terms of color temperature. Its 
brief flash is easier on the sitter. Through the use of 
continuous modeling lights the photographer can 
judge to some degree- the effect of his set up. The 
lighting ratio can be determined by calculations based 
on the various power settings available with each unit 
In this section we will describe the "Ascor" series 
360- 1 location lighting group which can be used in the 
studio or on location, as an example of electronic flash 
units. 

618, Complete statements on the use of electronic 
lights. 

The "Ascor" series 360-1 location lighting group, 
shown in figure 3-10, is an electronic flash lighting kit 
designed for use either in the studio or on location 
assignments. The kit consists of four lights, a four wing 
barn door, four adjustable light stands, and a portable 
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power supply. All components except the power 
supply fit inside a lightweight carrying case. The power 
supply is housed in its own protective cover which also 
acts as a carrying case. Both the carrying case and 
power pack are equipped with convenience handles. 

The four lights in the kit are coordinated to meet a 
variety of studio and location lighting requirements. 
Two 12- inch light assemblies are provided for use as 
main and fill lights. A 5-inch background light and a 
5-inch hairlight with barn door are also included. 
Each of these tights can be operated independently or 
in any possible combination. Each light reflector 
fixture contains both a plug-in type flashtube and a 
modeling lamp. All flashtubes and modeling lamps are 
of the same type and are completely interchangeable. 

A barn door assembly on the hair light controls 
spill light and permits complete directional control of 
the light. Four separate barn door wings mounted on a 
360° rotating ring assure exact placement of the light 
beam from the hair light * 

Each light in the kit is supported by an adjustable 
light stand. The stands are equipped with folding legs 
and telescopic risers. Stands for the main, fill, and hair 
lights extend from 29 inches minimum to 132 inches 
maximum. The backlight stand extends from 1 6 inches 
to 46 inches. All of the stands compress for storage 
and transport in the carrying case. 

The separate power supply is rated. at 400 watt» 
seconds output It features 3 to 4 seconds full power 
recycle times (time between flashes), continuous 
operation, and internal voltage regulation. A ready 
light indicates when recycling time is complete and the 
unit is ready to deliver 100 percent light output. 
Internal circuit breakers protect the power unit from 
accidental overloads. Required power input is 115 
volts AC, 60-Hertz. The 400 watt-second output is 
divided into two power banks, one providing 
maximum power for each lamp and the other power to 
the lights. 

The lamps are placed to, provide optimum lighting 
of the subject being photographed. The verticaLheight 
of each lamp is controlled by adjusting the telescopic 
riser Tip and tilt of the lamp is changed by adjusting 
the lamphouse fixture in the mounting bracket on the 
top of the riser. Light spill is controlled by adjusting 
the angle of the barn door wings and rotating the 
position of the barn doors on the hair light. Once 
adjusted, all lamp fixtures, stands, risers, and*barn 
doors are held in place by securing lock screws with 
thumb or hand pressure. 

Each of the four lamp power outlets on the power 
pack is'equipped with a fail to flash warning system. A 
misfire results in an audible warning and an indicator 
lights up next to the specific outlet on the power supply 
unit. TTiis indicator permits ready isolation of any 
misfired Jights or malfunctioning circuits. 

NOTE: Remember your electrical safety ^vhen_ 
working with lighting set ups. Do not work with frayed 
cords or bare wires. Make sure that there is no 



overload on any circuit Follow all manufacture 
directions in setting up and operating the particular 
unit. A well-done job means that it was done safely. 

Exercises (618): 

1. What does a barn door control? 



2. What happens when a flash fails to fire when using 
the Ascor lights? 



3. What is the purpose of a telescopic riser? 



4. Name two safety problems you may encounter 
when setting up lights. 



3-7. Identification-Passport Photography 

Nearly all Government agencies and military 
installations use photographs on passes, identification 
cards, badges, and passports; and in personnel files 
and records as one of^the means of positive 
identification of personnel. For each particular 
assignment, the requirements of size, pose, etc, may 
differ. Therefore, before you make any exposures, 
consult the appropriate regulations to determine the 
exact requirements that the photographs must meet 

619. State the requirements and some of the 
photographic techniques used in identification and 
passport photography. 

You must never forget that the purpose of the 
identification photograph is just that — a photograph 
from which the person can be identified. Its purpose is 
not to "glamorize" the subject or rpake the individual 
look "pretty"; it is to portray any and all features, both 
good and bad, which serve to identify that particular 
individual from all others. 

Photography is one of the most positive and 
economical methods of identification. For this reason 
pictures have long been used for identification 
purposes. In recent years, there have been two 
noticeable trends in identification photography. (1) 
(he emergence of new and varied applications, and (2) 
a sharp increase in the use of color photos. Let us 
therefore take up the requirements of passport and 
identification photography. 

Passport Photography. There are number of 
official photographs which include naturalization, 
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identification, citizenship, and passport photographs. 
Air Force Manual 211-2, Passports, provides 
information and procedures concerning the 
submission of Department of State Passport 
Application, Form DSP- 11. Two duplicate signed 
photographs, taken within six months of application _ # 
date, not smaller than 2 'A x 2 *h inches nor larger 
than 3 x 3 inches, are to be presented with the 
application. (USAF Foreign Clearance Guide, provides 
additional guidelines.) 

Photographs which depict the applicant as a rela *«j 
and smiling person are welcome; however, they shall 
be clear,>frontview, and full-face in either color or 
black and white. They are to be printed on thin, 
unglazed paper base with' a light, plain background. 
This permits the signature along the left-hand side of 
photograph to match the application signature, yet not 
mar any features of the photograph. 

Snapshots, magazine, or full-length photographs 
are not acceptable. Neither are film base, acetate, or 
vending machine prints since they must withstand a 
mounting temperature of 200°F. 
• AFM 2 1 1 -2 stipulates that any passport photograph 
will include only one individual. This includes infants 
if at all possible. The reason for this policy is that on 
numerous occasions a mother has had to return to 
CONUS on an emergency basis and is forced to leave 
her children in someone else's care in the host country. 
The mother, requiring the passport to leave and 
reenter the host country, leaves the children with no 
official papers or status, thereby causing international 
political complications. 

Identification Pictures. Identification pictures are 
made for use on all types of military ID cards and 
classified area badges. Identification photography is 
often done by the Security Police as idenuficauon 
forms are normally filled out and registered in the 
Security Police, Pass and ID section. The size of the 
identification picture cannot exceed 1 x 1 'A inches in 
a vertical format It must be a full frontjhot of the face 
and cannot be retouched. The picture will also include 
a title board containing information set down by 
pertinent directives. 

This type of identification photography is often 
done with a Polaroid camera designed for 
identification work. Such a camera permits quick 
results with a number of different lighting setups. 
More importantly, a non-professional photographer 
can be trained to operate it and make the necessary 
adjustments to obtain satisfactory results. 

Lighting. The. lighting arrangement used for any 
identification or passport type picture must be even, 
well-balanced, "flat" lighting. This type of lighting 
will not hide any identifying facial marks, such as 
scars, moles, etc, which could be used for definite 
identification of the individual. To obtain flat lighung, 
both the main and fill light are placed at a 45-degree 
angle to the subject, giving you a 1:1 hghung ratio. 



Exercises (619): 

1. What is the purpose of identification 
photography? 



2. Why must passport photography be printed on the 
right kind of material? 



3. Why must individual passport pictures be made of 
each member of an Air Force family? 



4. What type of lighting is used in identification 
photography? 



3-8. Photojournalism 

What is photojournalism? Photojournalism is the 
means of telling a story with photographs normally 
supported by captions or a written story. Unlike news 
photography, which aims at one or two telling pictures 
to support a current event, photojournalism relies on a 
group of pictures that reveal a subject in depth. 
Normally, there are three common types ot 
photojournalistic forms: the picture sequence, the 
picture story, and the picture essay. The picture 
sequence is usually a step-by-step.display of an event 
or task such as the steps in fixing a radar scope. A 
picture story is usually a multi-picture report on an 
event, person, or other subject of interest. Rather than 
a step-by-step approach, the pictures highlight 
different aspects of the subject For example, a picture 
.story on basic training might highlight marching, 
obstacle course, firing range, and barracks life as 
experienced by a basic airman. Finally, the picture 
essay allows the photographer freedom to express 
himself on a broad theme. Different pictures 
illustrating the-concept of "Peace Is Our Profession 
would comprise a picture essay. 

The key to successful photojournalism is, of course, 
the man behind the camera. You must be highly 
proficient, and the camera must become part of you. 
By your becoming proficient, innovative, and 
dependable, you will be able to tackle 
photojournalism stories which will bring you a great 
sense of pride and respect. 

620. Explain shooting and captioning techniques 
that are used in photojournalism. 

Shooting Principles. Photographic quality is 
essential to the photo essay. Innovative composition to 
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tell the story and technical excellence to carry it 

through reproduction is a must v The pictures must be 

eye-catching to attract and hold reader interest. In 

addition, the engraving necessary for magazine and 

newspaper^ reproduction requires prints or slides 

which SfiLJWY *te*P and of good tone (or color) and 
contripf^ * 

When shooting a photo story, the photographer has 
more time to think, plan, and execute each shot. He is 
also able to shoot many more shots than when he is on 
an everyday work order. Many pictures do not 
represent a waste, but better insure successful coverage 
by giving the editor a variety to choose from. 

By shooting a sequence of long, medium, and 
closeup shots of each phase of the story, the 
photojournalist provides flexibility in picture 
selection. Long shots (use of a wide-angle lens) give a 
good feeling for the overall scene. While such pictures 
" may be rarely used, they help in understanding the 
event and the importance of the other pictures. They 
help the editor lay out the other pictures. Medium 
shots which show the subject and a bit of the 
surrounding environment will often provide the 
majority of the pictures. However, it is the dramatic 
closeups which give a sense of intimacy with the ' 
subject and stimulate reader interest. 

A good sense of timing is important to shooting 
success. The majority of picture stories cover 
uncontrolled action. It is essential that you capture the 
dramatic and fleeting moments that illuminate your 
story. Jo do this, you and your equipment must be 
ready. You should thoroughly know your subject. By 
being ready and knowing your subject you will be able 
to anticipate what is likely to happen. For example, 
you may be doing a story on missile launchings. By 
having the necessary equipment ready and knowing 
how missiles are launched, you will be able to 
anticipate when the missile will be launched. 
Remember, a missile launch, a home run, or a 
Presidential handshake will not be repeated for your 
benefit 

Captioning. When shooting your story you should 
keep a notebook of the time, dates, namcsMocations, 
and facts associated with the event. This will help you, 
the, writer, and the editor to better understand your 
pictures. In this regard you may be called upon to 
write picture captions. 

A caption is usually made up of four basic parts: (1 ) 
explanation of the action; (2) identification of persons 
or objects in the photograph; (3) additional details or 
background information, and (4) the credit line. The 
who, what, when, where, and why of the substance of 
the picture is covered. „ 

Action. The first sentence is the most important one 
in the caption. It must link the photograph to its 
caption by describing the action in. the photo. One of 
the peculiarities of the first sentence is its present tense 
verb form. The reason for this is that photographs, like 



paintings and sculpture,* capture one moment of time 
and keep it in the present. 

Another reason for using the present tense in the 
first sentence is that it gives the reader a sense of 
^mediapy, as though he were actually witnessing the 
event shown. Thus a caption which reads, "Sgt James 
T. Bergenswims through the swirling flood waters of 
the Merrimack River to rescue^ 6-year-old Wendy 
Koza . . ."has more dramatic impact than one which 
reads "Sgt James T. Berger swam through 

One problem which arises from the use of the 
present tense is what to do with the when (time) 
element. To put the time element in the first sentence 
would result in a sentence such as, "General Jones flys 
aB-1 bomber yesterday . . , » Needless to say, this 
poor grammar jars the reader and should be avoided. 
To alleviate this problem, the time element in captions 
is usually left out of the first sentence. 

Identification. This includes an identification of all 
persons and objects vital to the story telling function of 
the photograph. The question of who should be 
identified poses the biggest problem, and we provide 
only general guidelines. The basic idea is to identify 
everyone who is identifiable and pertinent to the story. 
By identifiable, we mean a person who is not blurred, 
or obscured, or too far away for recognition. By 
pertinent, we mean a person who is involved in the 
central action of the picture. The idea is to identify 
anyone in a photograph who attracts the reader's 
attention. 

The identification is placed as high as possible in 
the caption. It may be identified along with the action. 
With group identification it may be better to list the 
names after the first couple of sentences. Identification 
can be done in several ways. The best way is by action. 
If Joe Smith is passing a football to Sdto Jones, it 
should be obvious from the photo which one is passing 
and who is receiving. Another is by contrast. If there 
are two airmen with Miss Universe, it is not necessary 
to identify Miss Universe as being left, right, or center 
in the photo. Slightly more complex is identification 
by elimination. In a presentation shot, the action of the 
general pinning a medal on a sergeant identifies both 
these individuals. The recipient's wife is identified by 
contrast and the squadron commander is identified by 
elimination. Finally, there is the old fashioned method 
of identifying people from left to right. 

Background. Background information gives 
additional facts and explanation to explain the 
significance of the picture. The amount of background 
information will depend on the clarity of the 
photograph and the knowledge of the readership. For 
example, identifying a plane as the C5-A may be all 
that is necessary if the picture is carried in a military 
magazine. The same caption would be grossly 
inadequate for a civilian audience. 

Credit Line. The credit line gives the source of the 
photograph. This may be the photographer's name or 
the agency which provided the photograph. 
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Exercises (620): 

1. Why are pictures with good composition essential 
* in photojounudis^ ^ 

2. What three basic types of shots are used to cover a 
picture story? What is the purpose of each? 



3. Why is timing important in photojournalism? 



4. What are the four basic parts of a caption? 



5. List four different methods to identify people in a 
group shot 



621* Distinguish between different types of story- 
telling sequences used in photojournalism. 

Continuity. Composition is of great importance in 
photojournalism. Each picture has to have impact and 
communicate an idea or feeling that relates to the 
point of the story. This story relationship that each 
picture must have is an idea you must keep in mind. A 
dramatic picture just won't be published if it doesn't 
support the story idea. So when you are composing a 
shot for a picture story, you have to keep in mind the 
relationship of this particular picture to those that 
were shot before and those you plan to shoot This 
relationship between picti/res is called continuity. 

Six continuity types that are frequently used to hold 
picture stories together are as follows: 

• Simple chronology 

c • Narrative chronology 

• Repeated identity 

• How-to-do-it 

• Parallel or contrast 

• Development of a theme 

Simple chrbnology. A simple chronology format is 
used when there is a group of pictures on the same 
subject that does not have to be arranged in any 
particular order. In other words, the pictures may have 
no starting point and no conclusion but can be 
arranged, like a family album, in the order in which 
they were taken. The pictures are heldtogether by their 
common subject matter. For example, a picture story 
on the history of a particular base could present the 
pictures simply in terms of the oldest first. 



Narrative Chronology. Unlike the simple 
chronology, the narrative chronology is presented with 
a definite time sequence in mind. It has a definite 
beginning, suspense, and dramatic conclusion. Each 
\ picture is closely related to the one before and the one 

* that follows and cannot be taken out of sequence. An 
air-sea rescue would be an example of this type of 
picture sequence. Pictures of the crew waiting in the 
ready room, the scramble, the rescue at sea by landing 
an amphibious craft in choppy seas, and then the 
return with ambulances waiting at the field require a 
definite sequence. 

Repeated identity. This type of continuity is one of 
the simplest to develop and the one most commonly 
used in publications today. In its basic form, it 
involves the repeated use of the same person (repeated 
identity) in every scene in the picture story. For 
example, if the photographer wants to develop a' 
picture story of basic training in the Air Force, the 
easiest way of doing it is to select a typical recruit and 
follow him through a day of training from morning to 
night. The same recruit is in every picture, but each 
picture shows a different action. 
- How-to-do~it continuity. The how-to-do-it 
continuity employs a time sequence of pictures 
showing step-by-step procedures. It is used to show 
how to perform different tasks from loading a bomb to 
making a splint. This format is the basis of how-to-do- 
it articles that are so popular in hobby magazines. 

Parallel or contrast continuity. Parallel continuity 
involves comparing the progress of two subjects who 
are in the same or similar circumstances — for example, 
the progress of a foreign and an American student 
undergoing the same pilot training. Contrast is also 
used in the "do and don't," "right and wrong," or 
"before and after" type of story. The "do and don't" 
approach is commonly employed in a story on safety. 
The "right and wrong" technique can be used 
effectively in a feature on military courtesy. The 
"before and after" approach is often used in picture 
stories dealing with progress. 

Development of a theme. Most picture stories have a 

• theme; that is, they present an argument or idea 
through pictures that are logically related to each 
other. In feet, you may be assigned to illustrate just 
that, an idea. Assignments like "Christmas Time," 
"Force in Readiness," "Norton AFB 1976," can give 
you the greatest freedom to express yourself. Such 
assignments call for the greatest planning so the idea of 
the story is not lost 

Exercises (621): 

1. If you wanted to show a day in the life of your , 
base's top aircraft mechanic, which type of 
5 continuity are you likely to use? 
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1 What is the difference between simple and 
nammrcfaropology? 



3. What type of continuity should be used in a safety 
article regarding the use of fire extinguishers? 



622. GWes a hypothetical journalistic tssiguaest, 
prepare a brief sbootiag o«tiiae. 

S hood Kg Script. Thoughtful preparation is the key 
to successful photojournalism. The development of ^\ 
shooting script or outline can bring all the planning! 
togethef. The script should contain a comprehensive J 
listing of every picture idea the photographer has/i 
developed, including possible camera angles, points or 
focus, lighting, accessories to.be used, and similar 
helpful information. Such a script defines the scope of 
thd shooting and provides a rail" for bouncing off 
fresh approaches to the problems involved It is not a 
rigid lock step to be "marched" to until the job is 
Completed. 

A good script is drndofinto two parts. The first is 
concerned jvith the general idea of the picture story. 
All pertinent information as to names, places, times, 
and contacts are located lathis part The "what" or 
scope of the subject is used to organize the theme of 
tire story. The second part lists the picture ideas and 
inclination pertinent to each shot The two main 
quaJiufcssbe photographer should demand from Ms 
shooting script are accurate facts and completeness. 

The following is a typical script* 
PartJ: . 

a. WHO. Name of Subject 

Smith, Joh*X, TSgt, FR 123 45 6789 
Instructor 3ABR23 1 32 Course 
Department of Audiovisual Training 
Lowry AFB, Colorado. 

b. WHAT: Scope of Subject (Theme) 

School instructor and class during training 
situation in the 1st block bf instruction. 

a WHEN: Best Possible Time to Shoot 
Subject The class is engaged in practical 
work each day of the week. Shoot during the 
practical assignment which is from 1300 
through 1700 hours daily. 

d. WHERE: Shooting Location (building, 
street, or working areas) 
Bldg 383 and the south side and the grounds 
directly adjacent to Bldg 380A, Lowry AFB, 
Colorado. 

e» WHY: Reason or Purpose for Shooting 
Subject 

To inform the American public of the 
training received by Air Force photographers 



in the 3ABR23132 Still Photographic 
Specialist Course, 
f HOW: Possible Contacts at Shooting 
Location 

Master Sergeant Jones, telephone extension 
4142. 

Part 2: 

a. SHOT 1: LONG SHOT 
School instructor in field with students. Shoot 
overall shot of instructor with entire class. 
WHY: Establishes the general training 
situation. 

b. SHOT 2: MEDIUM SHOT 
Instructor working with. two students, 
adjusting the Speed Graphidfcr pointing out 
to the students the proper method of viewing a 
scepe. Use a shallow depth of field, and about 
waist-level camera position. 
WHY: To identify an instructor and a couple 
of students attending the photo school 

j^SHOT 3: MEDIUM SHOT 

Instructor pointing out to a student a special 
' point of interest about the scene being 
photographed. Shoot over student's shoulder, 
using a shallow depth of field. 
WHY: To show instructor and student 
discussing the job plan on which the student is 
working, 
d. SHOT 4: MEDIUM SHOT 

Instructor checking a 4 x 5-inch film bolder. 
Shoot just past the student's shoulder at the 
* instructor— about waist level. 

WHY: tojbow the reader the concern of the 
instructor relative to the equipment and the 
^student with whom be is working, 
d. SHOT 5: CLOSE-UP 

View of the instructor looking through the 
ground glass of the camera, with student 
behind instructor. 

WHY: To show the instructor helping- the 
student to photograph the subject 

f. SHOT 6: CLOSE-UP 
Instructor explaining the function of the front 
standard on the Speed Graphic 'Shoot from a 
waist-level .position. 

\ WHY: To illustrate to the reader the intricate 
>v instriunehbwith which tfa^ student completes 
nis assignment 

g. SHOT 7: MEDIUM SHOT 
Instructor discussing problem wiih the 
student Try to have the studenj showing 
something to the instructor. 
WHY: To show the reader the interest of the 
instructor in the student 

h. SHOT 8: MEDIUM OR CLOSE-UP 
At a light, table an instructor looks at a 
negative. The student and Instructor discuss 
the quality of the negative. Shoot from the 
opposite side of the light table, from a high 
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angle, to show negative on the light table Use 
available light The light table will light up the 
faces of the student and instructor. 
WHY: To show the evaluation of the student's 
work by the instructor. 
NOTE This is of course just a sample script The 
script could be much longer or shorter than this, 
depending on the nature of the assignment Even the 
format is not important The key is to plan what you 
are going to dp. By writing down your ideas you ar^ 
less likely to forget what you are going to do. 

Exercise (622}: J 
1 . Develop a brief three-shot part II of a shooting 
script to be used for a fire preventipn week 
sequence about the hazards of smoking in bed 



3-9. Industrial Photography 

Industrial photography is abroad term. covering the 
many uses of a" camera to portray and assist man in 
showing his role as a producer of goods and services. 
Industrial photography records the constantly 
changing story of a nation at work, earning its living, 
harnessing an unimaginably huge output to create 
wealth, useful products^ and a better way of life. The 
Air Force la a major "service corporation" that has as 
much output as the largest corporations in America. 

623. State some requirements and techniques of 
Industrial pbotograpfcy. \ 

Industrial photography is more of a broad subject 
category than a "separate" shooting technique- 
Portraiture, architectural, close-up, and 
photojournalistic techniques are alj applicable to 
illustrate the accomplishments of any company In 
fact, Air Force photographers are basically industrial 
photographers. 

Normally, industrial photographs are used to 
obtain a visual record that can be referred to at a later 
date to show progress or change. Through the use of 
the photograph there can be wide distribution to all 
levels of command. as well as to the Air Force 
community at large. Projects such ss the 
° developmment and suocess of the BMEW^radar 
system in the Arctic, the preraration and lift off of an 
ICBM missile, or the construction of a new hospital 
can be understood through Complete photographic 
coverage of all stages of planning and execution. 

What Makes a Good Industrial Photograph? A 
good industrial photograph has all the elements of any 
fine photograph—good lighting, composition, and 
technical execution that bring about the very clear 
communication of an idea. In addition, the 
photograph must be functional, industrial 



photographs are used for very practical purposes. The 
majority are used to show objects, processes, or the 
work of individuals. They must provide information 
that can be used by commanders, engineers, and 
technicians. 

Research and Planning. Industrial photography 
calls upon a photographer to have a clear" 
undmt*"{fr"g of the requirements, of the requester. 
This demands that the photographer have an 
understanding of the^articular industrial process to be 
Shown and how to translate it into photographic terms. 
For example, your base communication squadron 
wants pictures of repair work being done oriS mobile 
command truck. To the requester this means a couple 
of 8 x 10 glossies ofNhe command radios and a 
technician working on them. To you it means what 
camera, film, lighting, and shooting angles should be 
used. The burden rests on you to get the job done. You 
have to understand what techniques will best show the 
radio, command truck, and the technician. To put it 
simply, you have to learn about the requester's job 
while he doesn't have to learn about yours. You have 
to learn about heavy duty equipment lathes, circuit 
boards, telephone poles, radio repair, and welding to 
be an effective industrial photographer. This is 
necessary so you can translate the industrial activity 
into photographic terms. > 

Equipment, An industrial photographer, since he is 
shooting inside and <mt in black and white and color, 
and under a variety of conditions, must be able to use 
all types of equipment An architectural shot of a new 
building calls for a 4 x 5 view camera. An inside shot 
of repairing planes in a hangar will require extensive 
use of supplementary lighting. Filters are needed to 
balance different types of lighting to color film. On 
any industrial assignment good planning will insure 
your having the right equipment for the job. 

Safety and Good Housekeeping. Each picture 
should show proper safety and housekeeping practices 
to be acceptable. The requester will not accept a 
picture that will show his section in a bad light. Each 
worker in the picture must b^rfttyowing proper 
procedures. Photographically you might prefer that 
the technician not wear his goggles, but if his job 
requires a pair (for example, a lathe operator) he must 
be wearing them when you photograph him at work. 
The work area should be neat and clean and not 
violate fire and safety practices* You must therefore, 
take care when you are setting up your picture to make 
sure that the background, as well as the foreground 
elements do not violate these principles. 

Shooting Techniques. Remember, the purpose of 
an industrial shot is to convey information. When 
photographing the new base hospital, it is not so much 
its artistic beauty but its potential for service that you 
want to show. Normally, most requesters want a clear, 
sharp picture that shows their activity. This does not 
mean you cannot be ••creative." The key is to shoot the 
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alignment in several different ways so that the 
requester has a choice between the routine that be has 
gotten in the past and your "fresh" outlook toward the 
job. 

Here are a few idea* you might apply to your next 
industrial job. 

• Extreme close-ups make any tool or machine 
look big and impressive. It is also the only way to show 
detail in small objects. 

• High or low camera angles can provide fresh 
viewpoints of common subjects. 

• Silhouette lighting can be effective to dramatize 
shapes and forms. 

• Through multiple exposures you can combine the 
detail obtainable only during daylight with the drama 
created by a sunset 

• Use open flash to light largp interiors such a! a 
hangar. 

• Use a slow shutter speed to emphasize the speed 
of a particular process such as the whirl of a lathe. 

• Use people to add interest and show techniques 
and size relationships. 

• Use a telephoto lens to get you close,' make the 
subject look bigger, or compress space. 

• Use a wide angle lens to shoot in cramped 
quarters or to give overall view. 

• Look for repeated patterns that show output of an 
operation. 

Exercises (623): 

1. What is the purpose of most industrial 
photographs? 



2. Why must a photographer understand the 
requester's activity? 



3. Why must an industrial photographer be 
particularly aware of the background, shop area, 
and operator procedures? 



4. What is die advantage of using close-up shots of 
machinery? 



5. What is the advantage of using silhouette lighting? 



3*10. Sports sad Actios Photography 

Every base newspaper has a sports section to display 
top photographs. Both players and spectators enjoy 



action-packed shots that sum uj) the excitement of the 
various events. Whether it is shooting a squadron 
Softball match, an interservice track meet, or the 
Olympic Games, there are plenty of opportunities for 
the sports knowledgeable photographer. 

When we think of action photography in the Air 
Force, combat action comes immediately to mind. 
Combat action may be air-to-air or air-to-ground It 
may be some form of ground support action. But tfb 
matter what form the action takes, it demands that you 
cover it from all angles or positions, in all kinds of 
weather, and under all light conditions. A combat 
photographer takes the risks of war to inform his 
commanders, comrades, and the American people 
what the Air Force is doing. It is the most challenging 
and demanding of any assignment a photographer can 
get Yet it is the ultimate purpose of every Air Force 
photographer's training. 

624, State principles, techniques, and requirements 
of sports photography. 

Sports Assignments. The first step in a sports 
assignment is preparation. You must research. the 
sport Usually, the sports assignment goes to the 
cameraman with an interest and knowledge of the 
event, and you may meet these requirements. But 
regardless of your knowledge of the sport, it pays off to 
refresh your knowledge by researching the players. 
Players are specialists in their field Some break fast 
and move with deceptive speed Others excel under the 
basket or at bat. Know the players and their 
characteristics. With this knowledge you can get the 
jump on the action when it is at its peak. For example, 
if a ballplayer known for his base stealing prowess is 
on first base, you should be ready for the action of a 
steal. You should also know the stadium where the 
event will take place so you know the possible 
shooting positions. 

Equipment. The speed of action demands choosing 
equipment that is designed for stop-action 
photography. Whenever available, use a 35mm reflex 
camera, variety of lenses, high shutter speed, strobe * 
lighting, feist film, and a motor drive. A motor drive 
attachment on your camera enables you to shoot photo 
^sequences almost as if you were using a "movie** 
Camera. An exposure that is a little too late or a little 
too early isn't good enough. The punch in sports 
photography lies in recording the instant when the 
player's intensity of expression and effort are at their 
peak. 

A telephoto lens is indispensable for bringing the 
action in close. The camera position and angle, as 
related to the action center, often prevent getting the 
shot with a normal lens. A telephoto lens lets you get 
into the action and catch the intensity of the player* 
faany sports activities take place under lights, or under 
conditions that require supplemental lighting. Under 
these ponditions the use of strobe lighting has become 
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almo« universal. The strobe is also ideal for stopping 
fast action at its peak. 

NOTE Remember to realize that a strobe has only 
one-fourth of its normal effect when used in a large 
arena or outside. In addition, make &re that your 
lighting does not interfere with the performance of the 
players. 

Photographer's attitude. Shooting a sports 
assignment requires mental and physical agility to stay 
ahead of the play. You must anticipate the action. Be 
prepared Move fast Be alert for human interest shots 
off the playing areas as well, such as the expression on 
the face of the coach; or the excitement or despair of 
the crowd. 

Let's cover an auto race. Let us put our training 
together by "shooting" an auto race. First we should 
know the type of race, the ume, the race course, and 
the kind of product we need to produce. In this way we 
can design a proper shooting plan. Suppose we are 
going to cover a daylight sports car race at Ontario 
Speedway, located in southern California. We are 
going to produce color slides. 

First, a study is made of the race course so that 
possible shooting positions can be ascertained. The 
key spots in any auto race are usually the curves, the 
pits, and the start anil finish lines. At a big race course „ 
it is impossible to cover all places. Normally you need 
to cover the pits prior to the race to shoot the 
preparations that are being 4 made, the start and finish 
lines at the beginning and end of the race, and one or 
two key curves during the race. Once a shooting plan is 
worked out, then you can inventory your equipment. 
For example, two Nikons with motor drives; 20mm, 
28mm, 85mm, 105mm, 200mm, and 500mm lenses, 
skylight filter to cover all the lenses; tripod; meter, and 
fifty rolls of thirty-six exposure Kodachrome 25 film. 
We should now be ready. 

When rate day comes you need to arrive early, 
hustle all day, and stay until the end of the main event 
In this way you will better guarantee award winning 
coverage that will justify all the hard work. 

NOTE: Most sporting events are sponsored by 
private organizations. To get in close or even to take 
pictures may require a press pass or specific 
permission of the sponsor. Make sure that if needed 
you have such clearance for the event you are covering. 

Exercises (624): 

1. In order for aphotographer to cover a sports event 
he shojijd have a good knowledge of what? 



2. What type of camera is likely to be used for sports 9 



3. Why should you know the playing field where the 
sport is going to be held? 



What should you remember when using a strobe 
during a sports event? 



625. Complete statements related to the techniques 
of combat photography. 

Combat Photography. Planning for this type of 
assignment is similar to sports planning in that you 
will be photographing uncontrolled action. In fact, it 
is far more uncontrolled for it goes forth, without 
rples, over a much broader "playing field" than any 
sports event You must b&in top physical condition' as 
you will be required tofly combat missions as well as 
accompany ground troops in the field. You must be 
mentally alert and emotionally stable to capture the 
fast paced, death dealing events. 

The equipment must be small and fast handling. 
Two 35mm cameras (one rangefinder for its quietness 
and low light focusing capability and one reflex for 
telephoto work), a couple of lenses (examples, 28mm, 
50mm, 80-210 zoom),. filters, meter, film, a notebook, 
a couple of tools, and a cleaning kit are what you 
basically need. It is similar to what you might use in 
photojournalism, but*with these thoughts in mind* 

• You cannot use flash in a combat zone because it 
will attract the enemy. Therefore high-speed films are 
a must *' 

• You do not have time for a normal size tripod. 
Unless you have a photo clamp or table-top type of 
tripod, you must normally rely on natural objects or 
equipment to support your camera for any time 
exposures you might need. 

• You must keep equipment to the bare essentials 
because you will have to carry your military gear as 
well. On a flying mission you may be further limited 
because of space and weight requirements of the plane 

• You must be able to carry all the film you will 
need as it is difficult to be resupplied during field 
operations. 

• You w;ll often need to take care of your 
equipment yourself. You must protect it ^uid the filnf 
from mud, water, sand, diru etc. Waterproof pouches 
come in handy for this task. 

The best place to practice the art of the combat 
photographer is during practice maneuvers and 
operations. During such assignments you can gst^a 
better idea of what equipment and techniques work 
•best for you. It is truly inspiring to see the work of 
famous combat photographers such as Eugene Smith, 
David- Douglas Duncan, and the s Air Force's MSgt 
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John Stoudt to realize what can be done under such 
trying conditions. 

* Here are a few shooting techniques you might 
consider: 

• Use the wide-angle lens to get an overall view of 
the condbat zone. This gives a good idea of the scope of 
the operation and the general positions of the forces. 

• Use the telephoto lens to get you close to the 
action. 

• Use the principles of framing and leading- lines, 
etc, to draw attention to the key point of interest 

• Anticipate the high point of the action. For 
example, catching the bombs being released during a 
tactical air strike. 

• Action at night-can create dramatic silhouettes. 
Also, a nighttime exposure of the battle can give truly 
interesting results. 

• Portraits of the soldiers and airmen involved are 
the most telling of all pictures. Such views show the 
tension, grief, pnde, an^the gut determination of our 
forces. 

Exercise (625): 

[.-Complete the following statements on combat 
photography. ~ 

a. Combat photography covefslictipn which is far 
* more than sports. 



b. You cannot use 



in a combat zone 



i ou cannot use in a como; 

because it is likely to attract the enemy 



c. Normally you must carry all the 

you will need because of limited resupply. 




gle lenses are used to give an , 
ew of the action. 



combat pictures 



usually are the most telling of all 



3- 11. Close- Up Photography 

Close-up photography (sometimes called macro - 
photography) is not a type of subject, but a technique 
to make large images on film by getting close to the 
subject. There is no rigid rule as to what constitutes a 
close-up, but methods that achieve at least a 1:1 or 



larger image certainly qualify. These image sizes are 
achieved through- the use ' of special lenses, lens 
attachments, bellows, extension tubes, and even 
microscopes. (When microscopes are ysed it is called 
photomicrography and often reqjjipfcs specialized 
techniques.) Close-up photography has wide 
application in industrial and unsatisfactory repcjx. 
photography. ^ ^\ 

%*626. Explain the techniques 4 and procedures used In 
close-up photography* 

There are a number of techniques and types of 
equipment that can make close-up photography a 
valuable tool for you. Let us consider equipment, 
exposure, and lighting. 

Equipment. Close-up photography can be 
accomplished with a view camera that has a double 
bellows extension. A double bellows extension 
increases the distance from the len^o the film to twice 
the focal lepgth of the lens, thereby producing a 1:1 
image. A triple bellows extension is also possible for 
even greater image sizes. The view camera, therefore, 
would be ideal for the majority of your close-up work 
because of its large negative size^and many 
adjustments. 

The only type of small camera that is really suitable 
for close-up work is the reflex type. Through the use of 
special equipment, cameras like the Nikon F, can be^ 
put to work. Consider the following attachments: 

1. A variety of macro lenses are available that 
focus very closp to the subject and can give 1:1 
reproduction^ 

2. Close-up attachments, which are optical 
elements that screw into the front of the lens like a 
filter* give closer than normal focusing capability and 
thereby permit a larger image. 

3. Extension tubes are rigid tubes that mount 
between the camera body and the lens. Different tubes 
can be combined to create different effective focal 
lengths. The longer ,the focal length the larger the 
image size. 

4. Bellows attachments are available that, like the 
extension tube, fit between the camera body and the 
lens. Unlike the extension tube, a bellows permits 
continous adjustments through its accordian range, 
and therefore is more versatile. 

5. Telephoto lenses can also be selected whereby 
the design ("macro" feature) or the use of attachments 
permits you to focus within a c#uple of feet or less of 
the subject This permitsla greater shooting distance 
than shorter focal length lenses while maintaining a 
large enough image size. This can be of great 
advantage in nature,photography. 

6. There are a variety of microscope attachments 
which permit the use of the camera body and 
microscope in combination. 

7. The normal lens on some cameras can also be 
reversed and used for close-up work. . ^ 
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NOTE. Close-up photography requires eiwlleptV 
quality lenses. Any type of distortion occlefeci^ ill bejgi 
quite apparent with such large image sutauiria close 
focusing. 

Focusing. Sharp focusing is absolutely essential. 
This is why a reflex camera or a camera with ground 
glass focusing is a must A rangefinder camera suffers 
from parallax at close focusing distances. Another 
aspect is depth of field. Due to the short lens-to- 
subject distance, and often long effective focal lengths, 
depth of field is very limited for any given aperture. 
Therefore, no focusing error is permitted 

Film. Choice of film is important. The fine-grain, 
high-contrast films that can record maximum detail 
are probably the best choice, but their slow speed can 
cause problems. Faster films may not have *he contrast 
or resolving power, but they permit a wider choice 01 
* apertures. 

Tripod The camera must be rigidly supported as 
any vibration wilt result in a soft image. 

NOTE: The subject must also be still. If the subject 
cannot be held still, such as with a flower or a bird, a 
higher shutter speed must be used with a consequently 
larger ^aperture. 

' Exposures. Exposure in close-up photography 
requires test and experience unless your camera is 
equipped with a behind-the-lens light meter. Reflected 
readings are difficult to make because the area being 
photographed is so small. A gray card, however, can 
be-used as a substitute for the subject. Incident light 
readings often prove easier to take. 

However, the basic problem is that the effectr e 
focal length usually has been changed through the use^ 
of accessories so that the calibrated apertures of the— 
lens are not effective. For example by doubling the 
focaH^ngth of a lens through the use of a bellows, the 
indicated f/stop becomes one-fourth as effective. This 
means thai if the aperture is set at f/8, its actual effect is 
as if it v@e set at f/16. 

You can work out the proper exposure increase that 
is necessary if you know the scale of reproduction. 
Take the scale, add 1 to it, and then square the result 
The resulting equation is EF = (M+ 1) 2 . For example, 
for a 4 times magnification (4:1), the factor would be 
(4+1)* = 25. Exposure would therefore have to be 
increased 25 times over the exposure reading. 

NOTE: A big advantage of those cameras that have 
a behind the lens metering systems is that such an 
exposure calculation as above is unnecessary. The 
meter will measure the decreasing amount of light as 
the bellows is extended or attachments are added. 

Lighting. Lighting is essential to good photography 
and critical in close-up work. The problem is that very * 
little light is being reflected by a subject which is small. 
Daylight is normally not bright enourfi, but you can 
increase its effect through surrounding Sitsubject with 
reflectors that can increase th&overall lighuftgJevel on 
the subject The majority of dose-up work iftherefore 
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done with artificial light like photofloods and strobes. 
Such lights become more useful with the attachment of 
a barn door or snout to direct the light. The best type 
of light of all is a ring light (circular electronic flash 
that fits around the camera lens) which produces very 
even illumination. 

Once you have determined a method to get enough 
light on the subject for a satisfactory exposure, you 
should carefully consider lighting direction and ratio. 
Front lighting with a low lighting ratio is the safest 
kind and is essential where maximum detail is 
necessary. For more dramatic shots, side lighting 
(great for showing textures), cross- lighting, or even 
backlighting (fur example — photographing a spider 
web) can give you interesting results. 

NOTE: Special lighting may be necessary for 
glassware or otner highly reflective subjects. Try 
bounce lighting, use of a diffuser, or light tent. (A light 
tent is a tent -n*tie of translucent material with a hole 
in it. Lights surround the tent to cast even illumination 
on the subject. The camera lens is stuck through the 
hole to photo|pAph the subject.) 

Composition, Composition is as important in 
close-up photography as in any other type. The large 
image size/is helpful in achieving simplicity. You 
should consider carefully its image placement. The 
"background should be plain and simple. Different 
colored pAstcrboards are best for this. Filters can be 
used lo^aciueve the proper tone or color that is 
require]' 

ysferdses i'y^t: 

I. A J^„~^ ciljvvs extension will produce what 
size inv.v^' 



2. What is the difference between an extension tube 

and a odious? 

c 

3. Why is Ticre limited depth of field when doing 
close-up *<;rx? 

4. Why mus* ;ou use a tripod when doing close-up 
work? 



5. How inucA exposure increase is necessary if you 
are making an SX enlargement? 



6. Why ;s a nng light an effective lighting tool? 
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3-12. Accident and Crash Photography 

Good photographic coverage of accidents or 
aircraft crashes is of great value to investigating 
personnel. When an accident or crash is properly 
photographed, its cause can often be detected from the 
photographic record You must always bear in mind 
that accidents do not just happen — they are caused. 
Therefore, it is essential to determine the reason for 
the accident in order to prevent its reoccurrence. 

627. Explain the techniques used for adequate 
coverage of accident assignments. 

The objective of crash and accident photograph) is 
to provide good quality photographs to help 
investigating personnel determine the cause of the 
accident or crash. For example, in the case of vehicle 
accidents, the photographs may suppi) vital 
information by showing skid marks, point of impact, 
road conditions, and environment that may indicate 
the cause of trie accident. Some of the things accident 
photographs can indicate are: 

• Carelessness in the operation of a vehicle. 

• Loss of control due to speed or a defective 
mechanism. 

• Inadequate control due to physical disability of 
the operator, perhaps because of illness, 
intoxication, or drugs. 

These same photographs may also be used as 
evidence in a military court of law. 

Photographs of aircraft accidents become an 
integral part of the investigation. Such photographs 
serve a dual purpose. First, they help the investigators 
to graphically reconstruct the events of the crash, 
second, they provide a means of identification of parts 
of the aircraft. The distribution of parts in relation to 
the crash site and the initial point of impact can help 
indicate what happened during the crash. 

Often these photographs are shot in color to snow 
the extent of heat or chemical damage. The use of 
color also allows the investigating team to determine 
other factors not easily recognizable in black-and- 
white photographs. For example, suppose that an 
internal explosion during flight caused an pncraft to 
c&sh* An analysis of the black-and-white photographs 
reveals that the explosion was caused by the 
malfunction of a small moving part in the engine. If 
color film were used, additional facts may be brought 
to light For^nstancc, excessive friction on the moving 
partj^kaves * color pattern. A photograph of this part 
-nrcolor would tell the investigators the degree of wear 
and the temperature caused by the friction. 

Emotional Stability. Crash and accident 
photography requires an emotionally stable 
photographer. It may be necessary for him to observe 
other persons suffering from severe wounds, fractures, 
burns, mutilation, or shock. Additionally, some of the 
injuries may be sufficiently severe to cause death. 



Conditions as mentioned, plus the confusion and 
excitement that normally accompany a severe 
accident, may cause nausea or even fainting. It is 
important that the photographer be able to go about 
his work objectively just as he would if he were 
covering any other subject. He must not add to the 
problem already existing. In addition, he must be able 
to think about the photographic problems involved. 
He must be calm under the very serious conditions 
which he may encounter. 

Seeking Assistance. If possible, try to find out 
before you leave exactly to whom you should report 
when you arrive at the scene. If absolutely necessary^ 
obtain either advice or assistance from the man in 
charge of the situation. This could be a person 
represtrajfig anj of the following career areas, safety, 
fire prelection, security police, investigations, 
medical, aircrew protection, or the senior officer at the 
scene. 'Vhatever you do, do not interfere with 
personnel performing essential duties related to the 
emergency. 

Release of Information* Under no conditions do 
>ou have the right to release any information — either 
verbal or photographic — to activities outside the 
normal Air Force channels. You must learn that what 
>ou photograph is the property of the Air Force. 
Release information only to the proper authorities, or 
their representatives, who are charged by the Air Force 
with a need-to-know. 

Mission Planning, Almo&J^eveN base photo lab has 
someone available to taflce crash and accident 
photographs on a 24-houa 7-days/a-week basis. This 
person is known as the lAlen ^ndtographei'." Also, 
almost every photo lab hWa /(articular camera to be 
used specifically for crash anaaccident photography 
and it is usually referred to asVn "Alert Camera." If a 
call is received, all that is necessary is for a 
photographer to pick up this equipment and report to 
the scene. 

The alert camera kit should be prepared beforehand 
and should contain film holders or film packs and 
adapters, flash lamps, and such other material as may 
be needed to insure complete coverage of the mission. 
It is important that the camera case be carefully 
checked for necessary supplies and equipment for 
proper operation. 

Lighting. A major problem related to crash and 
accident photography is the danger of igniting 
inflammable vapors or fumes with your photographic 
lighting equipment. Flash bulbs and to a more limited 
degree electronic flash are both potential fire hazards. 
Before photographing any crash or accident, be sure 
there is no danger of starting a fire. If possible, check 
with tne top officials in charge of the firefighting or 
rescue operation before making your photographs. It 
may be necessary to use available light (the light from 
vehicle headlights, etc.) or special safety lighting 
equipment to avoid endangering the lives of personnel 
present at the crash or accident scene. 



335 




Figure 3-1 1 General view of vehicle accident showing road condi- 
tion 



What to Photograph. The photographic coverage 
needed when a crash or an accident occurs may vary 
depending on the desires of the investigators. Tne 
minimum coverage should include at least the 
following general coverage: (1) general views of the 
areas involved, (2) close-up photographs to show 
important details, (3) photographs of specific parts 
/tfiat might have been the cause of the accident, (4) 
marks left on the ground that might provide support 
information, and (5) views that show damage to 
property — either Air Force or privately owned— 
resulting from the accident. (See figs. 3-11 through 
3-16 for typical accident coverage.) 

It is better for the photographic coverage of an 
accident or a crash to be too complete than not to be 
complete enough. Extra photographs can always be 
discarded if they are not wanted; but once the 
wreckage has been cleared away, it may be impossible 
to get the desired photographic coverage. 

NOTE: The best way to learn the necessary skills of 
covering an accident or crash is to go out on a few 
missions with an experienced photographer. 

Mission Data -Recording. It has been stated earlier 
that the methods of recording mission data would vary 
from mission to mission and no specific rules can be 
applied. Some photo labs specify the minimum data to 
be recorded when photographing a crash or accident. 
This data is used to identify negatives and prints, to 
support various reports, or as evidence in court should 
a lawsuit result. 

If you are assigned to a photo lab where there are no 
specific rules on mission data recording, the following 
recommendations can be used as a guide. You should 
record any information that might be needed 
Minimum mission data should include: 

1 . Type and class of film used. 

2. Date, time, and location of accident. 

3. Classification. 

4. Vehicle, aircraft number. 

5. Make, model, and year of vehicle. 

6. Tag number and state (civilian).. 

7. Type of lighting used. 
, 8. Weather conditions. 



9. Name of individuals involved. 

10. Persons with whom you dealt. 

Safety* Observe the general, mechanical, electrical, 
and ground-safety precautions that apply to the type of 
equipment you are using and to the area in which you 
are working. Some of the major precautions to be 
observed when taking crash and accident photographs 
are as follows: 

1 . Stay out of the way of emergency vehicles and 
do not become a casualty through carelessness. 

2. Don't touch anything. You have no authority 
to change any condition. Photograph objects as they 
are. 

3. Exercise necessary precautions when working 
in or around flammable substances or conditions. 

4 Stay dlert and be ready for any unforeseen 
emergency that may develop while you are taking 
photographs 

5. Be sure mat you are aware of the policies 
relative to photographing items of equipment that are 
classified. 

6. Do not blind the drivers of approaching cars by 
flashing flash lamps in their direction. 

Exercises i'62'7): 
I . What is the purpose of photographing an accident 
or crash? 



2. What ii the advantage of color coverage of an 
acciOent' 



3. Why must an alert photographer be emotionally 
stable during an accident? 



4. To *vhom should an alert photographer release 
crash information? 




Figure 3- 1 2 General view of vehile accident taken from the side. 
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Figure 3 13. General view of vehicle accident taken from the front 



Figure 3 15 Rear view, showing damage to second vehicle. 



5. What problem is there in using flash during an 
accident? 



6. List five areas of general coverage that should be 
taken at an accident. 



7. What type of mission data is recorded in regard to 
a civilian automobile involved in an accident? 



3- 13, Unsatisfactory Materials Report Photography 

Technical Order 00-35D-54, USAF Materiel 
Deficiency Reporting System Management, prescribes 
the procedure for reporting material deficiency data 
on Air Force equipment and materiel. This TO also 
prescribes the use of DD Form 1686, Report of 



Deficiencies Found in Material, for reporting routine 
deficiencies on systems and material not covered by 
AFM 66-1, Maintenance Management. Emergency 
unsatisfactory materia? reports are prepared on 
material, maintenance, and quality deficiencies which 
are identified as nuclear, critical, or explosive safety 
hazards. EUMRs are also submitted on deficiencies 
which have contributed to, or caused, accidents, 
incidents,' or mission failure as described in TO 
00- 350-54^ Emergency UMRs are transmitted by 
telephone, multiple-address teletype, and by radio as 
necessary, based on the criticality of the deficiency. 

Quality UMRs are prepared on material deficiency 
attributable to nonconformance '^with applicable 
specifications, drawings, standard, or other technical 
requirements. Quality UMRs are also reported on DD 
Form 1686. 

Photographs may be required as exhibits attached to 
regular unsatisfactory material 1 reports (UMRs) or 
emergency unsatisfactory material reports (EUMRs) 
to illustrate an unsatisfactory condition. Either the 
equipment itself or suitable photographs are required 
to assist in complete investigation of the cause of the 
condition. 





623. Explain photographic procedures and 
techniques used in unsatisfactory materials report 
photography. 

General Planning. To accomplish good UMR 
photography, you will need the proper equipment and 
materials. When planning ypur equipment list, get as 
much information as possible concerning the UMR 
project Find out from the requesting agency whether 
or not the equipment to be photographed catf'bc 
brought to the laboratory. This is especially important 
when small objects are to be photographed, since it 
allows you a greater choice of equipment, background 
material, and lighting. 

If the item is located outdoors, select the 
appropriate equipment and supplies. You should ask 
yourself the following questions regardless of where 
the job is to be accomplished: 

1. How much film is needed? What format? Is 
slow or fast film required? (You will want to use the 
finest grain film that you can under the circumstances.) 

2. Which type of lighting should be used- 
available or artificial? Which will give the best results? 
(You will want as even lighting as possible.) 

3. Is it necessary that I take along a tripod? (A 
tripod is usually essential to insure steadiness.) 

4. Is the subject bright or dark? Is it highly 
1 reflective? Is texture important? These factors will 

affect the choice or the direction of your lighting. 

Camera Choice. Always use a camera having the 
largest possible format that you can. This will ensure 
the tjest possible enlargements. The 4 x 5 view camera 



is probably best suited for the majority of UMR work, 
This is particularly true because adjustments for 
perspective may be required. Where a view camera is 
not possible, then a press camera would be the next 
Choice. 35mm cameras are rarejy suitable for this type 
of work because of the small negative that is produced 
NOTE: A copy camera is often suitable where the 
object is small ^nd therefore can be brought to the lab 
and mounted on" the copyboard. For example, a copy 
camera is ideal to shoot circuit boards. 

Lenses. You should have a variety of lenses 
available so that you can get the necessary image size 
for the shooting distance. You should also think about 
the necessity for both overall and close-up shots. 

Preparation of the Defective Equipment. You may 
need extensive assistance from technicians familiar 
with the malfunctioning or defigient equipment. 
Because of the time required for preparation of the 
defective item for UMR photographs, you should be 
ready to perform your mission. 

It is often advisable to include a piece of chalk and 
a black grease pencil with your equipment. The chalk 
is useful Tn making cracks stand out on a black surface; 
likewise, a black grease pencil may be helpful in 
making a crack stand out on a light surface. Common 
putty or talcum powder can be used to tone down the 
gloss on highly polished surfaces. If the photograph is 
to be taken outside the laboratory, try to foresee 
problems that may occur. A little foresight may 
eliminate the need for returning to the lab for a small, 
relatively insignificant item of equipment. 

Lighting. Whenever possible, avoid using single- 
lamp lighting. It tends to give high-contrast , 
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Figure 3-1 S. Deficiency report photograph showing relationship of main equipment 



photographs that lack' adequate detail in the shadows. 
Normally, you get the best lighting by using two or 
more floods. You will find that lighting the subject is 
the key to top results. The lighting must be even so that 
there is full detail. This may provide quite a challenge 
ift location shooting where the defective part may be in 
quite a "dingy" spot. 

Adequate Coverage. To insure adequate 
photographic coverage of the defective equipment, 
work closely with the technicians who normally use 
the equipment. Make several photographs. First, take a 
photograph from sufficient distance to indicate what 
the item is. Then move irnoward the defect, showing 
.enough of the surrounding parts of the subject so that 
those viewing the photograph can tell immediately 
where the defective part is located with respect to the 
total equipment. Finally, take at least one close-up of 
the actual defeat, showing the problem area in detail. 
Change camera angles as necessary to portray the 
defective component and the specific defect dearly. It 
is better to take too many shots than not provide 
enough coverage. (See figs. 3-17 through 3-19 for 
typical UMR coverage.) «y 

Preparation of the Submission Photographs. An 



improperly prepared photograph is of little valine to 
the person "who must investigate the unsatisfactory 
report. The following paragraph, quoted from TO 
O0-35D-54, is noteworthy. 

Each photograph will be marked on the face with 
identifying and orienting lines, such as aircraft, missile, or 
space vehicle station number and location so the exact 
location and nature of the reported condition is shown 
clearly When possible,, these markings 4bw>e placed on the 
affected pari, or adjacent structure, prior to photographing. 

Remember, the main reason for forwarding 
photographs is to avoid shipping the actual equipment 
Since the equipment is not available to the 
investigators, the photographs must be just as good as 
having the actual equipment. Clarity of det$M is 
essential; coverage must be complete. 

Photograph size considerations. There are no 
specifications as to the exact size for the 
photograph. A good rule to follow is to keep the size 
as small as possible, yet show the necessary detail and 
information. 

Since the transmission of the photographs is 
through the mail, the preferred size is 8 by 10 inches or 
less; but if it is necessary to submit larger photographs, 
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they should be protected against damage. Sheets of 
cardboard or mailing tabes are generally sufficient 
protection. 

Print and negative quantity considerations. Although 
TO 00*3SD*54 does not specify the maximum number 
of prints to be submitted, it does provide guidelines in 
the following quotation: 

Five prints of each photograph or one duplicate negative 
will be forwarded to the appropriate AFCL (Air Force 
Logistics Command) activity. 

Exercises (628): 

1. What is the advantage of bringing the defective 
material to the laboratory? 



2. What speed of film should you use? 



3. What type of camera is ideal for photographing a 
circuit board? 



4. How might you use chalk when you are shooting 
an UMR? * 



5. What type of lighting is generally needed in UMR 
photography? 



6. What TO should you consult to guide you in your 
UMR work? 



3-14. Airborne Techniques 

There are two broad categories of aerial 
photography. The" first is aerial photogrammetry— the 
technique of making photographs from which maps 
may be plotted. The same techniques and sophisticated 
camera gear are also used in reconnaissance work. The 
second is largely pictorial and involves taking pictures 
from the air of buildings, landmarks, installations, 
bases, missile sites, factories, and aircraft in flight. 
This second type of photography, often called oblique 
photography, is the ty^e that as still photographers 
we are concerned with. \ 

629. Explain principles and procedures used in 
aerial photography. 

The following is a brief survey of problems that 
aerial photography can present. 

Haze. Haze is always present to some degree in 




Figure 3-19. Deficiency report photograph showing defect in detail. . 
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Figure 3-20. Low-oblique aerial photograph. 



aerial photographs. Much haze lies in the ultraviolet 

En of the spectrum and has a greater effect on film 
; apparent to the eye when viewing a scene. Haze 
an overall bluish cast in color photographs and 
lowers the contrast in both black-and-white and color 
work. * * 

There are several ways of minimizing the effects of 
haze. Haze registers greatest when the aerial subject is 
backlighted and registers least when the camera is 
pointed away from the sun. However, with the sun 
behind the camera, the resulting shadowless front 
lighting of the subject provides little modeling. For 
this reason, a compromise with some cross-lighting is 
best. Also filters can be most helpful in reducing the 
effect of haze. 

Filters to use with black-and-white films include a 
deepjellow filter or, if the haze is particularly bad, a 
red filter. With color films a haze filter would be a 
logical choice. 

Motion. Motion creates several factors to be 
considered. These include the speed of the aircraft 
relative to the subject, the jolting effect of the weather, 
and the vibration of the plane* All of these must be 



overcome to insure a sharp image. Techniques include 
using a high shutter speed and not supporting the 
camera with any part of the plane. 

Film Selection. Conventional high-speed black- 
and-white films should receive first consideration. 
Ideal weather and .lighting conditions may permit 
using medium-speed films, whereas adverse conditions 
could require using the highest speed films available. 
For greater haze cutting, black-and-white and color 
infrared films are superior to standard black-and- 
white or color emulsions. Their ability to record the 
longest wavelengths will result in shots with more 
detail and contrast. 

Mission Planning. Know the objectives of your 
aerial project. Find out what you need to show; what 
product is required, and when the product must be 
available. This information will help you determine 
what camera and films are best suited to the job, 
whether you can wait for ideal weather or, if youimust 
fly the project sooner 

Study the location of your aerial subject. Determine 
what time of day will present the best lighting for the„ 
subject, from what direction you will probably have 
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Figure 3-21. High-oblique aerial photograph. 



the best view, approximately what altitude will be best, 
and what terrain features or navigational hazards are 
in the general areas. Also, check for any other-aerial 
assignments you can complete .enroute or nearby. 

Good weather conditions for aerial photography 
are generally considered to be clear with 10 to 15 
miles-per-hour winds (to help blow off smoke and 
smog) and visibility of 15 miles or more. Minimum 
conditions are generally considered to be scattered 
clouds and about 10-mile visibility. Less clear 
conditions may yield photos of some value for record 
or study purposes, but results are likely to be of 
marginal quality. If weather conditions are poor, shoot 
a low oblique from fairly low' altitudes 1 . This helps 
minimize the effects of smoke and haze. 

The types of aircraft you, will use depend mostly 
upon which models are available. A high-wing, fairly 
slow plane is fine. Many of these have large windows 
that open and provide a good area for viewing and 
photographing the subject Often, low-winged aircraft 
do not have a window that can be opened and tend to 
have higher minimum flying speeds.* 

A helicopter can offer several advantages for aerial 
photography. It can give an unobstructed view, fly low 
altitudes more safely, concentrate more time oyer a 



small area, and get in and out of places that are 
inaccessible to fixed wing aircraft. 

A hovering helicopter, however, does not present 
the best aerial-photo platform. While hovering, a 
helicopter sets up fairly severe vibrations that 
contribute to unsharp pictures, and extended hovering 
is tough on both the craft and the pifot. The engine 
tends.to overheat, and the pilot is busier than when he 
has additional lift and better control with forward 
speed. 

Communication between the pilot and the 
cameraman is essential. Prior to takeoff, try to bntf 
the pilot as fully as"possible on the project. Study maps 
of the site (air, road, topographic) when available. Try 
to determine -some landmarks that can easily be seen 
from the air. Things look different from above and it is 
easy to become disoriented. With your maps, your 
information, and your pilot's experience, determine 
whether there are any navigational hazards in.the area. 
Decide approximately what safe or legal altitude will 
yield best results. Based on your study of the subject, 
advise the .pilot of the primary and secondary angles 
you prefer to snoot. m m ' 

Most military aircraft have an intercom system with 
headsets and microphone for in-flight 
communication. Otherwise, establish a jset of hand 
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signals with which you can betp direct your pilot His 
viewpoint is considerably different from yours, and he 
wilt be trying to put you in the best position. As a 
result, be may not have a very good view of the subject 
himself. 

Basic Types of Oblique Photographs. As a 

cameraman taking aerial oblique photographs, you are 
not concerned with rigid specifications of .camera 
altitudeor positions as4n tteca^fphotogrammetry. 
By using a hand-held camera and directing the pilot 
into position, you can establish the relationship of the 
camera to the subject Two general categories govern 
the types of oblique aerial photography: low and high 
oblique. ,J 

Low oblique aerial photographs provide the most 
tolerance of camera angles. From a near-verticil 
* position and coverage to just below the horizon is 
considered the range for this type of aerial 
photograph. This means that the longitudinal axis of 
the camera is directed away from 5 to 65 degrees frdn 
the verbal. Actually, the ideal angle for a good spray 
of the taigWand surrounding area is about 45 degrees. 
(See fig. 3-20.) 

High obliques include some sky and horizon. This 
may vary from 10 to 50 percent of the format 
coverage; about 25 percent is average. More coverage 
of terrain is accomplished and orientation is one of 
several uses for this type of aerial photograph. (?ee fi; 
3-21.) { 



Exercises (629): 

# 

1. What effect does haze have on both black-and- 
white and color film? 



2. What type of lighting provides modeling and cuts 
down the effect of haze? 



3. What type of black-and-white film will provide 
the most haze cutting power? 



4. Name two techniques that should be used to cut 
down the effect of aircraft motion. 



5. What type of weather conditions are good for 
aerial phptography? 



6. Identify the type of plane that is best suited for 
aerial photography. 



7. What is the basic difference between a low or high 
oblique photograph?* 



630. State a solution to problems related to nuking 
aerial exposures* 

Exposure Factors. When it is necessary to 
determine proper aerial exposures, try to take the 
following factors into consideration: (1) use a fast 
shutter speed, (2) use the minimum amount of 
fikraticm to penetrate the haze, (3) try to take 
photographs when-clouds do not interfere with the ' 
target area, (4) keep camera motion to a minimum, (5) 
plan your photography so that the sun i*not directly 
behind the camera, (6) maintain recordHo remind 
yourself which exposures with which materials^ have 
been proved to produce the best results, (7) avoid 
photographing through turbulent air, "whenever 
possible, and (8) use an exposure meter, but only if 
you can interpret the meter readings so that they 
produce the correct exposure 

Let us elaborate on a couple of these points. Due to 
the presence of haze, an aerial meter-reading may be 
inaccurate. The average between a reading taken on 
the ground and one taken in the air is suggested For 
instance, if the gtmnd reading is f/8 and the aerial 
reading is f/16, use f/1 1. Another suggestion is to use 
one stop less exposure than 4 your ground reading. 
Gaining experience is your most dependable 
procedure. 

Fast shuuer speeds are advised to help solve the sig- 
nificant problem of stopping image blur. Focus is con- 
stant and set at infinity. Since you have no problem 
with depth of field in aerial photography, you may 
often use a wide open aperture setting. However, you 
should use the critical aperture for maximum sharp- 
ness when the other conditions of light, film sen- 
sitivity, and shutter speeds permit 

While taking aerial photographs, keep the camera 
from touching any part of the aircraft If the camera is 
in contact with the craft, it picks up engine vibrations; 
and even with a fast shutter speed, you get unsharp 
pictures. Also, as a shock absorber for vibration, keep 
your body, from the waist up, from touching the 
aircraft. 0 

It is a good idea to have the pilot fly a gentle arc 
around the subject at the anticipated altitude, so that 
you can check the view and the modeling effect of the 
shadows from various positions. Use prearranged 
signals to direct the pilot in placing the aircraft in the 
most desirous position. 

Best results from either a fixed-wing craft or a 
helicopter are usually achieved when the pilot reduces 
throttle, banks the aircraft slightly, and slip} it toward 
the subject. This keeps down engine vibrations and 
minimizes image motion by reducing forward motipn. 
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Most pilots who have flown photo assignments arc 
aware of the advantages of this technique, but most 
Ukdy you will want to discuss it with your pilot in 
advance. With low-winged craft you are in a good 
shooting position on a banked slip. With high-winged 
craft, be careful that the wing does not get low enough 
to get into the field of view; if you shoot a little toward 
the rear, it will help to avoid the wing dp. 

If you are working foau particularly low altitude, 
the side-slip technique cannot be used safely because 
the aircraft needs room to recover. From very low 
altitudes, it is usually best to reduce throttle and apply 
several degrees of flap to reduce the airspeed even 
more. How much, if any, airspeed can be cut down 
depends on several factors. For example, under gusty 
conditions, the flaps may cause too much buffeting 



and could contribute more to unsharpness than would 
using increased speed without flaps. 

Exercises (630): 

1. If your ground exposure is f/II, what will 
probably be your aerial exposure? 

2. Why isn't depth of field a problem in aerial 
photography? 



3. How should the pilot normally fly the plane when 
approaching the target? 
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CHAPTER 4 
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Operating Photographic Laboratory Equiprrgmt 



THERE WAS A TIME when it was possible to 
process all Air Force sensitized materials with hand- 
operated equipment As the volume of prints, negative 
material and motion picture film became too great for 
that type of processing, the equipment was gradually 
converted to pastr operation. A* the requirements of 
^ time and quality have grown more stringent, the 
constant effort to get more work done with fewer 
technicians has brought the automates- pressing 
machine into use. There are instance$*when thousands 
of feet of sensitized material must be processed m a 
single 24-hour period The quality of the finished 
product must not be sacrificed, and the work must be 
done without additional technicians. 

The newer developing units are neither fast nor 
economical for small jobs, they were not designed for 
this purpose. Careful scheduling of workloads is 
necessary to make them pay off. When properly 
scheduled and used, these machines save the Air Force 
considerable time and money. 

4*L Cootinoom Processing Machines 

The £qmary function of the processing machine is 
to transpcitt film or paper through the - various 
chemical solutions, allowing the proper treatment time 
in each solution. The processing machine must 
provide the proper processing over the material's 
entire length and across its total width, and it must do 
this job in a reproducible and consistent manner from 
one roll to another. In order to do ail this, mechanical 
elements for controlling the processing must be 
adjustable so that they can be changed as the need 
arises. In addition, the chemical makeup of each 
processing solution must be under constant control so 
that it can be altered as necessary. 

63V Explaia principles of machine processing 
operation 

Controllable Factors of Machine Operation. In 

conventional tray or tank processing you always 
consider time, temperature, and agitation. These 
factors must also be considered in machine processing. 
In addition to these variables, there are also 
considerations that are specifically applicable to 



machine operation* With many machines you must 
think of the recirculation of solutions, solution 
replenishment, carryover of solutions from one tank to 
another, and solution filtration* 

Machine speed. The time that the solutions act on 
the sensitized material is determined by the speed at 
which the machine transports the film or paper and the 
number oi\fce£/6F r material that accumulates in a 
specific tank/Tn most machines the speed is controlled 
by a knob and indicated on a dial which shows the 
number of feet of material passing through the 
machine per minute. If, for example, the speed control 
knob is set at 10 feet per minute and if a certain 
portion of the material takes 3 'minutes to go from a 
4>oint where it enters the developing tank to a point 
where it leaves the developing tank, we can say that 3 
minutes of development results from running the 
machine at 10 feet per minute. Feet per minute, 
therefore, is used exactly like development time is used 
in conventional hand processing. 

Temperature. One of the most critical elements in 
the control of the photographic process is temperature. 
The speed of chemical reaction increases as the 
temperature of a solution is raised and decreases as the 
temperature is lowered. In most band processing of 
black and white film we use a standardized 
temperature of 68° F. Machine temperatures are often 
much higher because of the high operating speeds. 
Temperature control is critical and must be 
maintained at a predetermined level to insure 
consistent results. Most machines are automated in 
this fespect and contain both a refrigeration unit and a 
heating unit which operate to maintain a constant 
solution temperature. The control panel of a 
processing machine generally contains a temperature 
indicator and a control knob to adjust the 
temperature. 

Agitation. Agitation is an important factor that 
controls the density and contrast of the finished 
product. Through experience you know this is 
especially true in tray processing where the degree of 
agitation makes considerable difference in total 
development. Automatic processing machines must 
also agitate the sensitized material or solutions during 
processing. Agitation is essential to insure a continual 
fresh supply of chemical solution to the emulsion 
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surface- Insufficient agitation can cause uneven 
development tod fixation. 

There are many devices, besides the simple action 
of the film moving through the piachine, for providing 
controlled agitation. The following are most often 
used: 

a. Gaseous bum agitation provides intermittent 
bursts of a photographically inert gas (such as 
nitrogen), which is released from the bottom of the 
tut* and rises up through the processing solution. 

b. Tank turbulation or solution recirculation 
provides rapid movement of large volumes of solution 
through the tank. 

c. Submerged jet or spray beads within a tank direct 
streams of solution onto the surface of the emulsion. 



Recirculation. Many machines have tecirculation 
systems that pump solution chemicals out of their 
respective tanks and bade again. Recirculation is done 
to provide filtration to remove contaminants from the 
solution, maintenance of temperature, or as an aid to 
agitation. Such systems add to the mechanical 
'complexity of the machine and must be properly 
maintained. 

Replenishment. During processing the various 
chemical solutions are "used up at various rates. In 
addition, there are certain reaction byproducts that 
form in each tank. For example, bromide is a reaction 
byproduct of development and, therefore, builds up in 
the developer solution. There is also a certain amount 
of carryover of solution from one tank to another. 




Rftfe4-I. Vmumi 1 1GMW. 
67 



9 

ERIC 



316 



Therefore, there is a continuous change in solution 
strength and purity* 

To maintain con tin e nt processing fresh chemicals 
art pumped from storage tanks into the various 
machine tanks to provide the neceaory replenishment 
The solutions used for replenishment must each be of a 
specific composition so that each will property replace 
the used chemicals of each solution in the correct 
proportion. The replenisher solution must also control 
the content of the solution so that there will be no 
buildup of the reaction byproducts which have been 
formed through the process of development Finally, 
there is » certain amount of fluid loss which must be 
compensated for by replenishment 

Replenisher formulas and the rate at which 
repknishers are added to a solution depend on the 
type of machine being used, the material being 
processed, the chemical formula of the original, 
agitation, temperature, and speed Your machine will 
have controls that you set to meter the replenishment 
flow. 

Drying. Most automated processing machines have 
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a drying cabinet After the material is developed, 
fixed, and washed, it continues through tb$ machine 
into the drying cabinet Itoherges from the cabinet in 
a dry condition and is then spooled onto a reel or 
collected 

The drying cabinet is much more than a heated 
container for the sensitized material In a majority of 
the machines, the temperature and the humidity of the 
cabinet are both controlled so that the completely 
processed material will have the desired properties. 
Too little drying causes the emulsion to be tacky, 
whereas too much drying results in excessive curl and 
brittleness. Both the temperature and relative humidity 
of the air supplied to the drying cabinet must be 
carefully controlled and adjusted for the speed at 
which the machine is operating. 

Due to the several factors involved in machine 
processing, it is important that you learn all you can 
about the machine you are operating. Only in this way 
can you determine the cause of any problem you may 
have, 

Exercises (631): 

I. How does machine speed determine developing 
time? 



2, Why are machine processing temperatures higher 
than in hand processing? 



3v Why is agitation important? 



ftwhy would a machine have a developer 
recirculation system? 



5. Why is replenishment necessary? 



6. Too little drying of film will cause what problem? 



632. Complete statements on the description and 
operation of the Versamat 11C-MW. 

V 

Versamat 11C-MW. In many base laboratories, 
varying amounts of film of different sizes must be 
processed. Cut film, film packs, and roll film ranging 
from 16 millimeters up to 9 l /t inches in width may be 
needed to meet mission requirements. A processor to 
meet these demands is the Kodak Versamat 11C-MW 
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(tee fin. 4-1, 4*2, and 4-3)- Not only docs the 
maqhine have tte above capability, but it can process 
cut film in any>tke from 4 by 5 inches to 11 by 14 
inches and paper prints. All processing can be done to 
speeds of up to 25 feet per minute. 

Geaeral Description The processor is entirely 
automatic Film is transported through the various 
solutions, washed and dried. The processor is 
normally installed in the wall bctweenadarkroom and 
a normally lighted room- The feed end of the machine 
is In the darkroom, and the processing, drying, and 
takeup end can be in a lighted room. 

The heart of the processor is the transport system 
which is made up of seven transport racks and eight 
crossover assemblies. Each transport rack consists ofa 
series of chain-driven rollers mounted in a staggered 
path (see fig. 4-4). As the rollers rotate, the film is 
conveyed from roller to roller throughout the system. 
When the film reaches the bottom of each rack, it is 
turned 1 80° to complete its course through the rack by 
a turnaround assembly mounted at the bottom of each 
rack. When the film reaches the top of a rack, it enters 



a crossover assembly *hich conveys it to the ne# rack. 
There are eight crossover assemblies: one for the 
entrance to the first rack, one between each of the 
seven racks, and one at the exit of the last rack. To 
insure proper transport of roll film as well as certain 
cut and pack films, it is necessary to use a stiffening tab 
(bullit), such as a sheet of film or clear acetate. The tab 
must be cut seven inches long and two Inches or more 
wide and is butt spliced to the film. 

During processing the film is completely immersed 
in the solutions. Spray washing cleans the film before 
it enters 4 the drying cabinet As the film enters the. 
drying cabinet it passes through a separate squeegee 
rack, which removes any excess .water. The basic film 
path is shown in figure 4-5. 

As film is drying, the air in the dry box becomes 
water saturated. To maintain an adequate operating 
speed, this water-saturated air is piped away from the 
processing area* through a duct Thus, drying is 
speeded up. The dryer section is equipped with two 
adjustable air dampers. Each damper is positioned by 
a separate damper control knob. The type of film 
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Figure ^-4. Transport rack. 

i being processed, the ambient conditions of the air in 
the laboratory, and the transport speed govern the 
setting of the dampers. In addition to the dampers, 
there is a control that operates the dryer blower. The 
dryer heaters operate according to the demands of the 
dryer thermostat A pilot light indicator shows when 
the dryer heaters are operating. 

Electrical Control Panel. The main control panel 
(refer to fig. 4-6) is located at the feed end jof the 
machine. Note that there is not a main power switch. 
The electrical power supply is supplied through a wall- 
mounted, off-on switch. When this switch is on, all 
components are energized. 

Dryer fan switch. This switch operates the dryer 
blower and heater when the dryer thermostat calls for 
heat The dryer pilot lamp lights when the heaters are J 
operating. 



Main drive switch. This switch controls power 
application to the main drive motor, which operates 
the film transport roller System. When you turn this 
switch on, there will be a 3-second delay before the 
transport machine is activated This delay permits the 
drive motor to get up to speed before the load of the 
transport mechanism is applied. 

Replenisher pump switch. This switch controls the 
replcnisher pump with three positions: MANUAL, 
OFF, and AUTOMATIC, to the AUTO position, the 
replenisher pump operates only when film is passing 
through the feed detection rollers located in the feed 
end. This switch must be in the AUTO position when 
you are processing sheet film. When the switch is in the 
MANUAL position, the pump stays in continuous 
operation. MANUAL is used for processing 
continuous lengths of thin-base aerial roll film. The 
pilot light on the panel lights only when the switch is 
on MANUAL. 

NOTE: The fixer replenishment system is set up 
, differently depending on theXype of developer that is 
, used. Figures 4-7 and 4-8 snow the arrangement fbV 
Type A (aenal) and Type B (commercial). 

Developer recirculating pump switch. This switch 
energizes the developer heater and the recirculating 
pump. The thdShostatically controlled heater brings 
the developer up to the selected temperature. This 
pump recirculates the developer through the first two 
tanks (see fig. 4-9). 

Speed indicator light switch. This switch illuminates 
the speed indicator. 

Speed indicator. This indicator shows the speed of 
film travel through the machine. It is calibrated in feet 
per minute up to 25 feet 

Speed- control knob. This knob increases or 
decreases the speed of film transport 

Accessory outlets. The machine has accessory 
outlets, one at the feed end (operates in conjunction 
with a timer circuit or for a safelight) and one at the 
dryer end (connects a roll takeup adapter or static 
eliminator). 

Preoperation Procedures. Before you check the 
machine for proper operation, you must know the type 
of product to be processed (sheet or roll film). If it is 
sheet film, you will need a feed tray and film bin at the 
dryer end. If it is roll film, you will need a roll feed 
adapter, an idler roller, and the roll takeup adapter. 
The following procedural steps are now accomplished, 
assuming that the electrical and plumbing hookups 
have been made by maintenance personnel. 

(1) Flush all the racks and crossover assemblies 
with fresh water. Wipe each tank with a damp sponge. 

(2) Close all five drain valves. 

(3) Verify that all solutions have been mixed and 
are in their appropriate containers. 

(4) Install the No. 1 rack in the first developer 
tank. 

(5) Fill the first and second tanks to the fill line 
visible in the second tank. 
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Figure 4-5. Buic film path. 
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FIXER REFLENISHER FOR AERIAL— TYFE FILM CHEMISTRY 
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Figure 4-7. Fixer reptaurfunent flow — type A cheminry. 
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(6) Carefully lower the No. 2 rack in the second 
developer lank. 

(7) Place the splish guard between the second 
developer tank and the first fixer tank (to prevent , 
developer contamination). 

(8) Install the No. 3 rack in the fixer tank. Fill fixer 
tanks Nos. 3, 4, and 5 with fixer solution to the fllL_ 
lines shown in tanks 4 and 5. Carefully lower racks .4 
and 5 into their respective tanks. 

(9) Install racks 6 and 7 in their rqppective tanks. 
Make sure that all racks are properly seated and then 
remove the splash guard. 

(10) Turn on the main electrical power switch* 
(wall switch). 

(1 1 ) Open both flowmeter control valves. Press the 
replenisher pump switch to th^MANlJ^KL position 
and see that -the solutions shdw proper indication in 
the developer and fixer flowmeter tubes. 

(12) Change the replenisher pump switch to the 
AUTO position. Check the replenisher microswitch to 
be sure that it operates when a single thickness of film 
is inserted between the detector rollers. (Call 
maintenance if necessary.) 

(13) Check thi two thickness detection 
jnicroswitches, which sense more than one film 
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thickness. Insert two thicknesses of film about two 
inches wide at each side (in turn) of the feed tray. A 
warning buzzer should sound. If there is no warning, 
call maintenance to adjust the micrbwittbes (see fig. 
4-10). f ' 

(14) Check the squareness of the feed tray. Place 
an 8- by 1 0-inch sheet film on the feed tray and push it 
forward until it is in contact and square with the feed 
arid detectpr rbltersrSquare the film edge with the side 
guides of the tray after loosening the wing nuts; then 
tighten the nutsr 

(15) Install the eight crossover assemblies in the 
tank section. Start at the feed end and work toward the 
dryer. These assemblies transport th^ film from one 
rack to another. \ 

(16) Install the squeegee assembly. 

(1 7) Replace all access panels and attach roll film 
adapter mechanisms if necessary. J 

(18) Turn on hot and cold water and adjust the 
mixing valve to a temperature 5°F less than the 
recommended developer temperature. 

(19) Turn on all switches. 

(20) Allow 5 to 10 minutes for the developer to 
come up to temperature. 

NOTE: The above steps are generalized. Refer to 
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FIXER REPLENISHER FOR COMMERCIAL-TYPE FILM CHEMISTRY 

Figure 4-8. Fixer replenishment flow— type B chemistry. 
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. Fifure4-9. Developer rectrcuUtion flow. 




m appropriate technical manual or manufacturer's 
handbook for exact procedures and specific model 
requirements. 

OparttiM, This processing system is relatively 
simple to put into operation, but there are certain 
critical factors that you must watch to assure success. It 
is imperative that you carefully follow the 
manufacturer's recommendations regarding 
cleanliness, -chemistry, operating temperatures, and 
replenishment If all factors are carefully monitored, 
then processing is reduced to feeding film in the front 
and collecting it at the other end 

Consider the following steps when you are 
processing film: 

(1) Turn on the main (wall-mounted) power- 
source switch and outside water source. 

(2) Turn on the dryer fan, main drive, and 
developer recirculating pump switches. If you are 
processing sheet film, press the replenishment pump 
switch to AUTO. If you are processing continuous 
lengths of thin base roll film, press this switch to 
MANUAL. 

(3) Set the developer and wash temperatures. 

(4) Set your developer and fixer replenishment 
rates by turning the appropriate flowmeter control 
knobs. - % 

(5) After all temperatures have been reached, you 
can set your transport speed and begin processing. 

(6) Prior to processing mission film, you should 
feed test film emulsion up into the processor and 
carefully monitor film movement through all sections. 
The film should then be checked for dirt and scratches 
which would indicate damaged, Corroded, or dirty 
rollers. 

(7) Once all is set you can start feeding your 
mission film emulsion side up. Be sure that the film 
edge (sheet film) is square with the side edge of the 
feed tray; then advance the film until it is picked uphy 
the rowing detection rollers. Do not feed films less 
than 5 inches long. Figure 4-11 shows typical feed 
configuration for sheet film. Narrow films are fed side 
by side to avoid o verreplenishmdi t 

(8) Remember, when you are processing narrow 
roll film (or thin sheet film), splice a stiffening tab 
(bullit) made from leader material to the leading edge 
of the film. The butt jplice is held together with Mylar 
tape which is impervious to chemicals. The purpose of 
the bullit is to guide the film through the machine. 

(9) Once you have completed your processing you 
can shut down the machine by following these steps: 
Decrease the machine speed to 5 feet per minute; turn 
the dryer thermostat OFF, remove the top cover and 
side covers of the processor, turn the replenisher 
switch OFF; turn . the developer recirculation switch 
OFF; turn the dryer fan OFF; turn the water OFF; 
remove and clean all crossovers using warm water not 
above 1 20 degrees; wipe down the crossover correctly; 
replace the side and top cover and turn OFF the main 
power. 

NbTE: The key to consistent operation of any 



piece of equipment is to follow directions. Learn the 
procedures set down by your laboratory and follow 
them. U you have questions, che<ik with your 
supervisor. Remember, too, the need for SAFETY. 
Always remove rings and watches when operating 
equipment. You should wear any protective 
equipment that is prescribed 
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Figure 4*11. Feeding sheet film. 
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feertbe (632): 

K Complete the following statements on the 
description and operation of the Versamat 1 1C- 
MW 

a. The Versamat 1 1C-MW transport system has 
crossovers and . . racks. 



b. The Versamat has — tanks; 

for developer, . for fix, and 

for wash. 



. solution is recirculated within the 



Versamat. 



d. The Versamat can process roll film up to 

inches in width and sheet fill 

inches. 



to 



• by. 



e. When processing roll film, a 



spliced to the film to act as a guide. 



f. The Versamat can be operated at speeds up to 
feet per minute. 



replenishment is used when 



processing sheet films. 



h. The pilot light on the panel lights when the 
replenishment switch is on _ • 

i. 4*he replenishment inlet in the —X 

fixing tank is used when processing with Type 
A chemistry. 



j. Replenishment rates are set by using the 



k. Rim less than 



inches in length 



should not be fed into the machine. 



I You should not wear . 
when processing. 



and 




-633. State or explain principles of operator 
maintenance on the Versamat 11C-MW. 

Operator Maintenance. Most of your maintenance 
is concerned with keeping the processor clean. This is 
a day-to-day procedure for many parts of the machine. 
Each time the processor is shut down, you must 
remove all crossover assemblies and rinse tfcem wi* u 
warm water. If any deposits have formed, use a s# 
brush to remove them. Be sure you- handle Jht 
crossovers with care. Wipe all rack rollers above ^ 
solutioiMevel. The feed rollers of the entrance roll 
assembly should also be wiped off. Turn off all 
machine electrical switches and the main power 
-swUch^iflsadvisable to prop open the processing.and 
dryersection covers to vent chemical fumes. Also, turn 
v off the water supply. 

After a week's operation, the cleaning procedure is 
iore involved than for overnight shutdown. The 
following procedure is suggested: 

(1) Remove, wash with water, and wipe off all 
rollers of the crossover assemblies. 

(2) Check the tension of the rack chains. Any 
roller hesitation indicates a loose chain. 

(3) Remove the roller ricks. Use the splash guard 
when you pull the fixer rack to avoid contaminating 
the developer. Wash all racks with running water that 
is not warmer than 120°F. (This is because the rollers 
are covered with polyethylene which would be 
■damaged by high temperatures.) Be sure to clean all 
chemical deposits, on the sides of the racks, around 
gears, on the chain tighteners, etc. 

(4) Rotate the rollers by hand and make sure they 
turn freely* Adjust chain tighteners if necessary. « 

(5) Check all racks to make sure they are not 
twisted. To do this, place each rack on a flat surface. 
Any twist will be apparent. 

^ (6) Turn on the recirculation pumps and watch for 
surface turbulation in the solutions in the tanks to 
verify pump operation. 

(7) Examine the solutions in the tanks for clarity 
and the presence of foreign particles. 

(8) Reinstall the racks and crossovers/ Check all 
the gears to make sure they are properly seated, 

(9) Check the dryer entrance crossover the. exit 
crossover, and the multiroll squeegee assembly for 
proper seating. * 

(10) Inspect the dryer air tubes. If-tl^e slits are 
clogged, inform maintenance, personnel. Also, make 
sure that the air tetakc screen is clear of obstructions. 

Daily and weekly maintenance, covered up to this 
point, is largely your job. In addition, it is advisable to 
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program, 
maintenance 
igns of wear, 
You should 
lance because 



establish a regular periodic main 
a profram is accomplished 
el; and it covers lubrication 
pam\replacement, maladjustments, 
know *^en a machine is due fortify 
it will be out of service. Also, you should keep a log of 
minor difficulties so that they can be corrected during 
scheduled maintenance. 

With pepper replenishment, Versamat solutions can 
last almost indefinitely. On a periodic basis; however, 
it is usually neceawry to thoroughly clean the machine 
and perform preventive maintenance at the same time. 
The developer should be discarded at this time, 
, A complete cleaning of the tanks may then be your 
job. Cleaning is expedited by a cleaner such as the 
manufacturer-recommended Kodak Developer System 
Cleaner. Dp not use this cleaner in the fixer systerk 
CAUTION: The cleaner contains sulfamic acid 
whichfcrtll cause burns. Do not get it in eyes, on skin, 
or in clothing. In case of contact, flush skin or eyes 
with water for at least 15 minutes. Get medical 
attention. 

These are the steps you should use in cleaning the 
processor 

(I) Drain the developer and remove the developer 
racks. 

• (2) Install the splash guard to prevent 
contamination of the fixer if the fixer is to be retained 
(3) Remove the developer system filler cartridge 
and replace the filter cover. 



Exercises <633>: 

1. Most of your operator maintenance is concerned 
with what procedure? 



2. What should be washed and wiped on a daily 
basis? " * 



3. Why shouldn't roller racks be cleaned with hot 
water? 



4. Why should you know when periodic 
maintenance is going to be performed? 



5: When is system cleaner used? 



6. What protection should you use when scrubbing 
racks with system cleaner? 



Si 



(4) Fill the two developer tanks with about 10 7 Whal sh °uld you use to clean out the fixer tanks? 



gallons of premixed cleaner. 

(5) Turn on the developer recirculating pump and 
let the cleaner recirculate for about 15 minutes. 

(6) Thoroughly flush the developer racks with 
warm water. Apply cleaner to the racks with a brush or 
spray bottle. Rotate the rack while applying cleaner to 
rollers and side plates. 

<7) Flush the racks with warm water and wipe the 
rollers with a damp sponge to remove cleaner. Make 
stire the rollers are thoroughly clean. 

(8) Clean the number 2 and 3 crossovers as you did 
the racks. 

t CAUTION: Use goggles or other eye protection 
when brushing cleaner. ' 

(9) Drain cleaning solution from the developer 
tanks and flush thenTwith warm water. 

(10) Replace the racks and fill the developer tanks 
with warm water, turn on the recircufation pump and 
the main drive. Ruh the machine for 5 minutes. Drain 
the tanks and repeat this procedure -until the water is 
free of discoloration. * # 

(11) Install a new developer filter cartridge and 
mix new developer solution unless other maintenance 
is needed at this time. 

(12) Ypitcan clean the fixing bath system with just 
warn: wa^r in the same way .that you cleaned the 
developer system except that you do not use developer 
cleaner. 



4-2* Perform Operator Maintenance on 
Photographic Equipment . 

The extent of operator maintenance may vary from 
one laboratory to another. Limitations are due in part 
to the availability of maintenance personnel assigned 
to the base. If maintenance is readily available, you 
will probably have very little responsibility or 
authority for performing major equipment 
maintenance. However, you should take an interest in 
keeping your eqummaij in top condition and bring 
any problems to ^the- attention of the responsible 
technician. Mission success depends on properly 
operating equipment. In this section we will emphasize 
a few. principles of operator maintenance. 

634. Stele principles and identify tools of operator 
maintenance. 

General Principles. Any piece of photographic 
equipment should be given an operational check prior 
to its use. Some of the items that fail into this category 
are camera bodies, shutters, Sim holders, tripods, flash 
equipment, rangefinders, viewfinders, timers, 
.ptoewsing equipment, lenses, and {diaphragms. In the 



course of a single year, a camera and its accessories 
may be exposed to rain, snow, heal, cold, wind, dusu 
or extreme dryness. Addrtionaliy v laboratory 
equipment may be exposed to various types of 
chemical solutions, rust, and corrosion. Often the 
nature of your assignments prevents you from giving 
your equipment the protection it needs. Naturally, 
exposure to the elements takes its toll. Unless they are 
protected, bellows develop mildew, mechanical parts 
-get rusty, leather dries out. lens elements separate, gear 
trains wear, and components of processing equipment 
and machines corrode. Only by careful attention and 
diligent care can you hold the deterioration of this 
cquipmenMp.a minimum. 
" It must be emphasized that the most important 
aspect of operator maintenance is cleanliness. 
Cleanliness is the has* for ail photographic quality 
control. Disassembly of cameras Ar machinery is 
normally undertaken only by pWiographic repair 
specialists unless they are unavailable and mission 
requirements (for instance in a war zone) do not 
permit other alternatives (such as shipping the 
equipment to a repair depot). 

The importance of good operator maintenance 
cannot be overemphasized. Operator maintenance 
must become an integrafpart of your photographic 
efforts; in fact, it must become a habit You must 
acquire the habit of checking and cleaning each item 
of equipment before and after using k. 

For example, one of your most useful cameras is the 
Super Speed Graphic. Although it is quite durable, the 
treatment this camera receives in handling and storage 
influences the amount of repair-and overhaultequired 
to keep it in a serviceable condiuon. You must treat it 
as if it were your own. In general, it must be kept Jry 
and free of dust and dirt When a camera is used or 
stored in a warm, moist climate, you must clean it 
more frequently to prevent rust and corrosion. You* 
should check the camera prior to going out on a 
mission. Inspect the condition and operauon of the 
shutter and the solenoid. Check the focus of the 
rangefinder, ground glass, and focusing scale against 
each other. Go over the enure camera, inspecting all 
the working parts. Check all accessories that you are 
planning to use as well/ 

NOTE: Prepare a checklist for alt the pieces of 
equipment you use. Use the checklist prior to use. This 
will prevent mission failure which reflects badly upon 
you. 

Tools, As we have mentioned, you may need to 
perform certain minor maintenance joWon items of 
photographic gear. To do such maintenance, you need 
some common tools, and* you must use these tools 
properly* Have you ever seen the result of tool misuse, 
such as the virtual absence of a slot in a wood screw or 
rounded off hex heads on machine screws? We hope 
that as a result of this brief study you will not be guilty 
of such misuse of tools. 

A screwdriver is designed for one specific purpose; 
that is, to ughten or loosen screws. It is not designed to 



be used £s a crowbar, a bottle-opener, or a punch.. 
They are qwt*pften used this way, and for this reason 
there are many broken tips and bent shanks. 
Screwdrivers are usually classed as standard, 
crosspoint (Phillips or Reed and Prince), or offset 
These types may ha^e variations to do specific jobs. 

The standard screwdriver is suitable for most 
ordinary jobs. You determine the size of a standard 
screwdriver by measuring frqm the tip of the blade to 
the handle. The blade must n*ve sharp corners and 
must fit the Hot in the screw sriugfyto prevent slipping 
and damaging the slot \ 

The crosspoint screwdriver may ofc^one of two 
types— Phillips or Reed and Prince They ^especially 
shiped to fit cross-slotted screws. There is a cmfcence 
inihe blades of these screwdrivers. Because of\this 
difference, these screwdrivers are not to be usfed 
interchangeably, as they could damage the screw head.\ 

The offset screwdriver makes it possible for you to 
work in ught comers whpre straight types cannot 
enter. The two blades of this screwdriver are set at 
right angles to each other so that you can turn the 
screw a quarter-turn at a time by using opposite .ends 
alternately. The offset screwdriver may be either a 
standard or a crosspoint. 

Ratchet screwdrivers are designed so that once the 
blade is inserted into the screw slot, you can turn the 
screw completely in or out by the ratchet action 
without removing and reinserting the driver blade for 
each turn of the screw. The ratchet screwdriver may 
have either a standard or a crosspoint blade, or the 
blades may be interchangeable. On offset ratchet 
screwdrivers, one end may be standard and the other 
crosspoint. The ratchet direction of this screwdriver is 
controlled by a small lever on the handle of the 
screwdriver. 

As you well know, pliers are very useful tools; they 
are intended for holding small objects and for bending 
or cutting thin wire or metal strips. Pliers vary in 
size— from small pliers used by electronic technicians 
to large ones used by linemen. 

Adjustable combination pliers are often called slip 
joint pliers. They are used for cutting and twisung 
wire, for pulling or spreading cotter pins, and for 
general utility operations. They are very rugged, and 
the jaws can be' opened to more than one sire or 
opening because of the adjustable pivot or slip joint 
Adjustable combination pliers are useful for holding 
round stock or light metal, but you should never use 
them instead ^of a wrench. 

Longnose (needle) pliers are used for general work 
where space is limited and parts are small. They a?b 
suitable for bending or forming fine wire or thin sheet 
metal. These pliers may or may not have side cutters 
behind the gripping surface of the jaws. The cutter 
portion, if present, is usually fine for cutting light 
material, such as soft iron, brass, or copper wire. 

Diagonal-cutting pliers consist of two cutting edges 
set at an angle of 1 5° or 20° with respect to the length 
of the tool. They are used for cutting wire or electrical 
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compooem leacfc The mart common misuse of 
diafonal cuttra is forcing them to cut heavier wire or 
metal than they were intended for. 

Side-cutting pliers arc heavy duty pliers that 
combine the gripping jaws of the combination pliers 
and the cutting surface of the diagonal cutters. The 
jaws of the side-cutting pliers are broader than those of 
the combination pliers. Side-cutters are used for 
cutting heavy wire. The jaws are excellent for pulling 
and bending heavy gage electrical conductors. The 
aitung edges can cut heavy gage soft wire. 

A wrench is a tool used to apply a turning force to 
boltbeads, nuts, and capscrovs, or to grip round 
material such as pipes, studs, or round rods. 
Adjustable wrenches have one fixed jaw and one jaw 
that is movable by the use.of a screw adjustment The 
adjustable jaw ran be opened or closed to fif the flats 
of the nut or to fit the bolthead to be turned. As a rule, 
adjustable wrenches are suitable for heavy duty work 
in places easy to reach. They have the disadvantage of 
tending to round off the corners of hex nuts unless 
jaws are closely adjusted to fit the nut When you are 
using the adjustable wrench, place the strain on the 
fixed jaw and not on the movable jaw. If you put strain 
on the movable jaw, you may spread the jaws if you 
apply too great a force. 

Use socket wrenches when you must operate in 
d9se or inaccessible places. Sockets are used with a 
fttchet handle which requires only a Very short swing. 
The sockets are supplieoin sets to fit standard size nuts 
and are easily fitted onto, or removed from, the 
handle. Sockets usually come with 6- or 12-point 
surfaces inside the head. You can tighten the nut 
completely without removing the wrench from the nut. 
Socket wrenches may be used with a variety of drives, 
such as (a) speed handle, (b) extension, (c) ratchet 
handle, (d) T-handle, and (e) hinged handle, or 
breaker bar. 

Open-end wrenches are nonadjustable. They may 
be open oh either or both ends of the wrench. They are 
light, strong r and convenient for working in a limited 
space- The jaws are set at an angle (usually 1 5°), and it 
is easyto increase the swing of the wrench by turning it 
over. Qien-end wrenches normally range in size from 
3/16 to 1 V« inches and are usually graduated in 1 /1 6- 
inch increments. Wrenches for special uses may be 
obtained in 1/32- or IZ^-inch graduations. On 
wrenches with both ends open, one end is the next size 
larger than the other end. The . wrenches are 



proportional in length'to the size of theopeoings. This 
proportions the leverage of the wrench to the nut and 
helps prevent damage to the wrench and to the work. 

Box wrenches are also solid, nonadjustable 
wrenches. They range in the same sizes as open end 
wrenches. Unlike open-end wrenches, which have flat 
jaws, box wrenches have 6-, 8-, 12-, or 16-point 
surfaces inside the head-like socket wreflches. The 
number of points determines the strength of the 
wrench. The most common box wrench is sht 12 
point, which gives a maximum swing of 30°. A box 
end. wrench completely encloses or "boxes" the nut 
The sides of the wrench are thin so that the wrench can 
betised on nuts close to feother object This wrench 
can be used in places where another type would never 
fit 

Tne hex or Allen wrench is an L-shaped device- 
designed to fit setscrews or hexagonal socket heads of 
screws and bolts. The wrenches usually come in sets 
containing sizes from 1/32 to 3/8 inch. 

NOTE: Not only is it important to use the right tool 
for the job, but all your tools must be properly 
maintained so that they will be available for your use. 

Exercises (634): 

1 . What is the most important aspect of operator 
maintenance? 



2. Why is ir important to check all your equipment 
prior to going out on a mission? 



3. Identify a tool listed in Column A with its 
function listed in Column B. 

Coiunvt A Column B 

1 Offset screwdriver , a. Screwdriver for cross-slot - 

2. Reed screwdriver ted screws 

3 Longnose pliers b Plier designed for forming* 

4 Sundird screwdnvcr fine wire 

5 Stde-cuttmg pliers c Wrench designed for he*. 
6. Alfen wrench agonal socket heads 

d. Screwdriver designed /or 
working in tight corn en 

e Plier designed for atfung 
heavy gage electrical wife 

f. Most ordinary jobs! to 
lighten or loosen screws. V, 




CHAPTER 5 



Color Photography 



COLOR ADDS a realistic dimension to photographic 
work. At one time color was a difficult medium to 
work with, /equiring specialized cameras and 
processing only by the film's manufacturer. *Jow color 
materials have been greatly improved to a point that 
color is far more popular than black and white. Air 
Force wide, color photography is important for slide 
briefings, documentation, scientific studies, 
reconnaissance and displays. In this chapter we will 
discuss the basic principles x>f color phptography, 
including how to expose* process, and print color. 

5-1. Principles of Color Photography 

The basis of color photography require that you 
understand/the nature of light, and the additive and 
subtractiveVnxxsses which are the two systems that 
can produca\color. Each of these subjects will be 
jiy^f^ri in qais section. / 

635. Identify iasic principles of color photography. 

Light. Without light, color does not exist Light is 
defined as that portion of the electromagnetic 
spectrum that affects the sensory organs of the eye and 
produces the sensation of vision. The visible portion 
of the spectrum is the part primarily responsible for 
photographic exposure, but infrared (IR) and 
ultraviolet (UV) also play a significant part in the field 
of photography. Infrared, ultraviolet, and visible light 
make up what is known as the optical spectrum. 
Because infrared and ultraviolet radiations obey the 
laws of optics, they have special applications in the 
area of photographic research. They are also used 
extensively in investigative and itfedical research 
photography. 

The visible light pomon of the electromagnetic 
spectrum (see fig. 5-1) extends approximately 400 to 
700 nanometers in range. (A nanometer is a metric 
measurement equal to 1 billionth of a meter.) The 
radiations at the 400 nm end of the spectrum appear 
blue tc> the eye; those radiations around 500 nm 
-appear predominantly green; and those in the 700 run 
region of the spectru* appear % red Infrared and 
ultraviolet radiations fall into the spectrum 



immediately above and below the range of visible 
radiations. Infrared falls immediately above the 700 
nm portion of the spectrum and ultraviolet 
immediately below the 400 nm portion. 

"White light** is a term used to identify the visible 
spectrum when all of the wavelengths, from 400 nm to ' 
700 nm, are present in nearly equal amounts. 
However, due to the adaptability of the eye and 
various human and psychological reasons, it is 
impossible to establish a standard for white light For 
example, indoor lighting and, sunlight both appear to 
be white. 

Why do they both appear white when it is a known 
fact that they do not contain the same amounts of 
visible radiation? 

They both appear white because the receptors in the 
eye, which are sensitive to red, green, and blue 
wavelengths of light, are capable of adapting their 
sensitivity to compensate for imbalances in wavelength 
proportions.' For example, sunlight has a higher 
percentage of blue and green wavelengths and is 
relatively deficient in the red region of the spectrum. 
As a result, the red receptor increases in sensitivity 
until there is the necessary balance of wavelength 
impulses reaching the brain and the viewer perceives 
the sensation of white light 

While the individual receptors have the capability 
of adjusting in sensitivity, the eye itself is not selective 
in regard to individual wavelengths. In order for the 
eye to see a single wavelength, it must be isolated and 
presented alone. For example, the eye cannot be 
selectively turned to red, green, or blue radiations 
when they are presented in combination. 

It should be noted, however, that it is possible for 
thejeye to visualize colors not present in the spectrum. 
If equal amounts of red and blue wavelengths strike 
the eye, we see a purplish or magenta color. Because 
red and blue are at opposite ends, magenta does not 
exist in the visible spectrum. Actually, we see magenta 
s. because the surface is reflecting equal amounts df 
incident red and blue radiations and absorbing the 
green. Yellow is another example of this phenomena. 
Yellow occupies only a small part of the visible 
spectrum, approximately 575 to 590 nanometers. If 
only yellow radiations were reflected to the eye, the 
reflecting surface would be so dark as to appear black. 
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Ftgure 5-1. Electro magnetic spectrum. 



Most yellow, seen by the eye, is the result of the surface 
absorbing incident blue radiations and reflecting the 
red and green. 

Evaluation of Color. To evaluate color quality 
effectively, we need to know more about how color is 
produced. Some of the more important methods of 
color production are absorption, selective .reflection, 
scattering, interference, dispersion, and fluorescence. 

Most color occurs when illumination, falling on the 
subject, is not evenly absorbed at all wavelengths. If 
the subject-did absorb all wavelengths equally, we 
would have to illuminate the subject with colored light ■ 
in order to see color. Thus, under normal conditions, 
the color of the subject is dependent on its absorption 
and reflection characteristics in relation to the various 
wavelengths present in the illumination. 

, Selective reflection is a characteristic displayed by 
certain metals. Gold, copper, and brass are some of the 
metals that exhibit these qualities. Specular reflections 
from other metak tend to be white. The selective 
reflection of red ami yellow light, by the front surface 
of gold metal, gives it its characteristic color. 

Variations in atmospheric density, jtirborne 
particles, such as dust, droplets of water, and ice 
crystals, have the ability to affect the shorter 
wavelengths in the spectrum to a greater degree. When 
light enters the atmosphere, the shorter wavelengths of 
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light are scattered more than longer wavelengths. This 
aJters the color quality of the incident light Haze is the 
£ risult of light scattered by the atmosphere. 

v Have you ever noticed -the patterns of color 
proceed by oil on the surface of water and wondered 
wharCawed them? They are produced by lightwave 
interference from two surfaces spaced a few 
millimicrons apart When light is reflected from these 
two surfaces, a portion of the reflected light will be 
cancelled* when the two light waves meet — one 
reflecfiKf from "each surface. This interference 
produces the color you see. 

The color patterns, formed by light-wave 
interference, are known as Newton's rings. Under 
certain circumstances, Newton rings can present 
problems when working with color materials. They 
may occur if you are printing color using a glass 
negative carrier. The irregular contact between the 
glass and the negative surface may produce 
interference effects. This effect may also occur in 
glass-mounted slides. The use of a glassies* carrier and 
a special glass for the v slide mounts can remedy these 
problems! ~ 

The rainbow is a natural example of dispersion. For 
a given medium, as the wavelength of light increases, 
the angle of refraction decreases. Light waves, striking 
the droplets of water in the atmosphere, are refracted 
according to wavelength into the colors of the 
spectrum. Dispersion of these wavelengths creates one 
of nature's more colorful spectacles — the rainbow. A 
prism may also be used to disperse light (See fig. 5*2.) 

Color can also be produced through fluorescence. 
Fluorescence is the ability of a material to absorb 
radiations of one wavelength and reradiate them at 
another, usually longer, wavelength. This is what takes 
place in the fluorescent lamp. The fluorescent lamp is 
really a mercury vapor lamp that has been coated with 
a powder that fluoresces when bombarded with 
ultraviolet radiation. When power is applied to the 
lamp, the mercury emits ultraviolet radiations which 
are absorbed by the fluorescent power and r eradiated 
as visible light 
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When we assign a color to anything, we are 
attempting to describe certain characteristics of the 
object under normal conditions. We must remember 
that these characteristics will vary with changes in 
spectral quality and intensity of illumination. Since it 
is impossible to specify color under all conditions of 
illumination, most color is identified when viewed 
under normal daylight or tungsten conditions. 

Three terms used to help identify color are hue, 
brightness, and saturation. They are used as tools to 
assist in color communications. If we are to be more 
explicit in color communication, we should know 
something about these terms. 

Hue is a term used to assign a general color to the 
subject If we say the subject is red or yellow, we are 
identifying the hue. However, there are as many shades 
as wavelengths in that portion of the spectrum. If we 
assign a hue only, we are lc$s than specific in color 
identification. 

To further describe a color, we might ^ay that it is 
light green or dark red. This is an attempt to describe 
the brightness of the color and is some measure of its 
absorption and reflection characteristics. 

Saturation is used to describe the purity of a color. 
If the color is pure, it could be called a brilliant color, 
as a brilliant red. Impure colors appear dull. 
Saturation is determined by comparing the color to a 
neutral gray of the same brightness. 

Why Colors Can Be Photographed. Regardless of 



the process you use to obtain your color product, the 
starting point is the same as that developed by James 
Clark Maxwell. He demonstrated that a subject could 
be photographed and reproduced in its natural colors. 
Maxwell illustrated his coldr process by placing in 
separate projectors three positive transparencies of a 
still-life subject he photographed He inserted a 
primary color filter in the light path of each projector, 
and the red, green, and blue images superimposed on a 
screen. Maxwell's projected color image was not 
particularly good, but the experiment did soundly 
demonstrate an important color principle. 

Maxwell's demonstration, made to a group of 
scientists in 1861, was the forerunner of all present 
color processes. He made the original exposure by 
using liquid filters to transmit the three basic colors of 
light A negative was made through each of his red, 
green, and blue filters. This set of three negatives 
(which were black and white) represented in silver 
density the ratio of red, green, and blue in the original 
subject Each of the negatives he then printed on film 
to give a positive transparency. 

He projected the three positives through the same 
primary colored filters used in making the original 
negatives. When he projected all three positives on the 
same screen and in register, one on top of the other, 
the result was a color reproduction of the original 
subject matter. This process is graphically shown in 
figure 5-3, where you see how the three color negatives 
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figure 5-3. Maxwell's principle. 
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of a red ball arc made through the three filters (part 
AX Follow the green-filter projection and notice that 
the resulting silver density represents the quantity of 
frecn reflected from the red jbalL The quantity is, of 
course, zero; therefore, a background exposure is 
nude, but no exposure is made for the ball 

When the negative is reversed to a positive (part B 
of fig. 5-3), the background becomes clear and the ball 
is black If this positive is projected through a green 
filter, it is obvious that no green light will project to 
the screen in the position occupied by the ball. Since 
the ball is not green, this is entirely correct With just 
the green filter positive, the projection is a green 
background with a blade ball. Using all three positives 
(part C of fig. 5-3), the background projects white, 
which is the sum of all three primary .colors. The ball 
image projects red, because only red light is allowed to 
fall on the area of the ^screen. 

One outstanding deficiency is immediately apparent 
when considering Maxwell's demonstration, and that 
is its lack of permanence. A color picture could be 
projected on a'screen, but that was all. This was not a 
photograph that could be mounted in a picture frame 
or placed in an album. Commercial use of Maxwell's 
discoveries had to wait for a manufacturing process 
that could use their possibilities. 



g. Selective reflection is a characteristic displayed 
by 



h. Newton rings are caused by 



i. The rainbow is caused by . 



material absorbs radiation at one 



wavelength and re-radiates it at another. 



k. Impure color lacks . 



1. Maxwell's demonstration used the three, 
colors. 



Exercise (435): 

1. State basic principles of color photography by 
completing die following statements, 
a. Without color does not exist 



b. The optical spectrum is made up of. 
light, phis and 



c Visible light runs from 
nanometers. 



d/Due to eye 



to 



both indoor and 



daylight illumination ftiay appear white 



e. Equal amounts of blue and red light produce 



f The color of an object is determined by its 
— and characteristics. 



636. Complete statements on the additive principle 
of color photography. , 

The Additiv^ Color Process. Exposure of color 
film, and to a more limited degree color printing 
paper, applies the principles of the additive color 
process. The additive process, applying the principles 
developed by Maxwell, uses the primary colors of blue, 
green, and red. > 

When equal parts of blue, green, and red light are 
projected from separate projectors and are partially 
superimposed on a screen, you see in the area of 
overlap of all three colors, white, as shown in figure 
5-4. The area of overlap between the blue and green 
light produces cyan (blue green), the area of overlap of 
the red and blue light produces magenta, and the 
overlap of the red and green light produces yellow., 
Almost any desired color match can be produced by 
varying the amount of one of the two colors usexjjjjf 
producing that color. For example, if you have equal I 
proportions of red and grcen T% the result is yellow; by 
increasing- the amount of red, the result is orange. 
Since matching a wide range of colors with red, green, 
and blue light involves addition of the colored light, 
the primary colors are often identified further as the 
additive primaries 

In color photography, the three colors produced by 
mixtures of additive primaries in pairs are of 
particular importance. These colors — cyan, magenta, 
and yellow— -are known as the subtractive primaries. . 
Singe each represents white light minus one of the 
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additive primaries, the subtractive primaries are the 
complements of the additive primaries. For example, 
cyan and red light blend together to give white light 
Similarly, magenta is complementary to green, and 
yellow is complementary to blue. 

At this point, refer to figure 5-5 and study the 
illustration of the color star. Remember which colors 
are (he additive primaries (blue, green, and red), and 
notice that the subtractive primary colors between any 
two of the additive primaries are mixtures of these two 
primary colors. Also, notice the colors that are 
directly opposite to each other in this star, these colors 
are complementary to each other. 

Although the original photographic record on color 
film uses the additive primary colors, these are not 



suitable for the final color product This is because any 
combination of primary colors over one light source 
results in neutral density. A transparency, for example, 
must be viewable when you use only one white light 
sourceri! is the subtractive process, discussed in the 
next objective, that makes the "final product" 
possible. 

Exercise (636): 

1. Complete the following statements regarding the 
additive process. 

a. T£e additive color process requires 

separate light sources. 





4£ 

RED + GREEN = YELLOW 
RED + BLUE » MAGENTA 
BLUE + GREEN = CYAN 



Figure 5-5. Color star. 



b. A combination of equal amounts of red and 
green light produces light 



c. The subtractive primaries are 
, and 



d. Yellow is the complement of light. 



637T Complete statements on the subtractive 
principle of color photography. 

The Subtractive-Color Process. In the%8Wtive 

color process where thrfee projectors were used (one 
lens was covered with aVed filter, one with a green 
filter, and one with a blue filter), we were able to 
produce any desired c^lor. Theoretically, any filter 
transmits light of its own color and absorbs .a}l other 
colors. The amount of absorption depends upon the 
density of the filter. Therefore, we could hot place all 
three filters over a single light source. To a certain 
extent, the filters are mutually exclusive; that is, none 



of them transmits light passed by either one of the 
other two. Consequently, any two of the filters used in 
combination in frontof a single light source absorb all 
of the light 

Since a filter of any of the additive primary colors 
transmits only that one primary color, the subtractive 
primary colors are used as filters in the structure of 
color materials* This makes it possible to transmit any 
two of the additive primary colors and subtract the 
third. 

NOTE: The term subtractive primary color has the 
same meaning as secondary color which was used 
when we discussed filters. The colors yellow, cyan, 
and magenta can be called either secondary colors or 
subtractive primaries. 

A cyan filter transmits blue and green light, but 
absorbs red light; hence, it subtracts red from white 
light. Similarly, a magenta filter (which transmits red 
and blue) functions by subtracting green from white 
light. 

Since each of the subtractive primary filters 
transmits approximately two-thirds of the visible 
spectrum, we can superimpose any two of them over a 
single light source to produce other colors. Refer.to 
figure 5-6 for an illustration of the principle of the 
subtractive color process. Notice that the combination 
of any pair of the subtractive primary colors in equal 
densities produces one of the additive primary colors. 
Fpr example, a yellow filter transmits red and green 
and absorbs blue, and a magenta filter transmits red 
and blue and subtracts green from the light source. 
When these two filters are used over a single light 
source, the one color that is transmitted by both 
magenta and yellow is red. Therefore, yellow plus 
magenta produces red. In the same manner, when 
yellow and cyan are used in combination, the one 




figure 5-6. Subtractive color system. 
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color that is transmitted by both filters is green; since 
yellow transmits red and green, and cyan transmits 
blue and green. Cyan plus magenta produces blue, 
because blue is transmitted by both filters. Where all 
three filters overlap in the center, all of the light is 
absorbed, and the result is black. 

By varying the density of either one of the filters, 
any desired change in the color produced can be 
brought about. For example, to change the appearance 
of red to make it an orange red, increase the amount of 
yellow, in other words, decrease the amount of 
magenta. 

Exercise (637): 

1. Complete the following statements on the 
subtractive principles. 

a. A primary filter transmits color of 

light and absorbs . 



b. A combination of cyan and magenta filters will 
pass light 



Red can be produced by passing light through a 

combination of and 

filters. 



5-2* Color Film-Characteristics 

Color films fall into two basic types: reversal and 
negative. Reversal color films, identified by the suffix 
"chrome" (Kodachrome, Ektachrome, Agfachrome, 
etc.), are processed to a positive transparency (slide). 
The image can then be projected on a screen or viewed 
on a light box. Negative films, identified by the suffix 
"color" (Ektacolor, Agfacolor, Fujicolor, etc.), are 
processed to a negative which then is printed to 
produce prints. Within each category of film you can 
obtain different emulsion sizes (35mm, 120, 4x5, 
8x10, etc.) and films balanced for different types of 
light sources (daylight, tungsten, photofloods, etc.). 
Which you choose depends on your mission 
requirements. In this section we briefly discuss the 
characteristics of color films. 



c. A cyan filter passes 
light 



and 



d. Three secondary filters over one light source 
would pass light 



231*359 
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SLUE SENSITIVE EMULSION ft 



YELLOW FILTER LAYER 
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(GREEN SENSITIVE) 




(RED-SENSITIVE) 

"^5 



AN T1 HALATION LAYER 



FILM BASE 




Uafcvetofttl Film 
Figure 5-7. Cros section of color film. 



638. Complete statements on the characteristics of 
color film. 

Structure of Color Rim. Today, color materials 
consist of three thin coats of emulsion on a single film 
base. Each emulsion is separated from the next by an 
extremely thin interlayer of gelatin. Such a structure is 
known as muitilayer film. 

Figure 5-7 shows a cross section of a typical color 
film. (The difference between reversal and negative 
films will become apparent when we discuss 
processing of color film.) Start at thc-top and work 
down the diagram. An antiabrasion coating protects 
the film from minor abrasions. The next layer is a 
blue-sensitive emulsion layer. The next layer is a built- 
in yellow filter made of collodial silver. The purpose 
of the filter is to absorb any excess blue that was not 
recorded in the top emulsion layer. Thjs prevents any 
recording of blue in the middle emulsion layer. The 
middle emulsion layer is orthddhromatic (sensitive to 
green and blue) and its purpose is to record the green 
light. The bottom emulsion layer is panchromatic with 
a low sensitivity to green. Since blue and green have 
been recorded in the first two layers, the bottom layer 
is to record red. 

In effect then, a sheet of color film is made up of 
three separate emulsion layers, each layer is designed 
to record only one of the additive primary colors of 
light Secondary colors, such as yellow, are recorded 
in the two layers which form to make up the color (ex. 
green and red for yellow). White light is recorded in 
all three levels. 

Color Balance and the Quality of Illumination. 
The two major divisions of colof films are based upon 
the quality of the light to which the film is to be 
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LIGHT SOURCE ' 


DEGREES KELVIN 


Tungittn Houtt Ljmpt 


2870 • 2810 


Lvrtpt foe Color Photography 


3200 


PhotofJoOd Lvnpt 


3400 


Whitt riuomcxit Lamp* 


3500 


O+m FlMhltmpt 


3800 


Photo ft«h "228" or "58" 


5400 


Ocyitght (SunoVd) 


5400 


Awragt 10 A.M. to 3 P.M. Sunlight 


6000 - 6200 


Daylight Fluorttctnt Lamp* 


6500 


Electron k: FlMhtub* 


5800 - 7000 


Owrcwt Sky 


6800 


Qur BJut Sky 


12,000 »nd ugj^^ 



exposed — daylight or tungsten. To distinguish 
between daylight and various artificial light sour^s, 
we commonly refer to their differences in v terms of 
color temperature. Remember, however, thskt color 
temperature refers to the color of light as seen by a , 
human observer with normal eyesight. There is ofteifca pi 
great difference between the effect of color as we see it 
. and its actual photographic effect 

A person becomes accustomed to the artificial 
illumination into room, and the light appears to be 
white. The samb room illuminated with daylight 
likewise seems to be illuminated with white light. 
However, if you turn on a tungsten lamp in a room that 
is illuminated by daylight, the tungsten light appears to 
have a yellowish cast. That which appears to be white 
may not be white, since the human eye is a poor 
measuring tool to determine the color quality of light. 
Thus, we need some method of measuring the color of 
what appears to be white light. One such method of 
measurement is the color temperature scale, expressed 
as degrees Kelvin— Hhe temperature to which a black' 
body radiator must be heated in order to emit light 
equal to a source such as tungsten lamps, the sun, etc. 
The scale starts at -273° centrigrade {absolute zero), 
which is designated as zero Kelvin. The scale has 
become universal in the measurement of color 
temperature. 

All tungsten or daylight sources are not at the same 
color temperature. Table 5- 1 lists the commonly used 
light s&jrces and their approximate color 
temperatures^ 



From your experience with the film characteristics 
of black-and-white film, you probably recall that the 
effective film speed often changed whea you switched 
from daylight to tungsten light The reason for this 
change was the differenc^ufthe spectral quality of the 
color content of thejifnt A change in film speed in 
black-and-white fifmusually compensates for a radical 
change in light quality, but this is not the case with 
color film; here you must consider color temperature. 
Color film is in correct balance for only one type of 
light and should be used under specific light 
conditions. If these conditions change, then the colors'^ 
you photograph appear degraded or out of balance. / 
Normally, each manufacturer makes at least two types v. 
of color film — one to be used under tungsten light and ^ 
the other to be used under daylight conditions. 

A knowledge of color temperature is valuable to 
you, however, the Kelvin rating of a light source is not 
the only factor to consider. For example, two light 
sources, a tungsten and a fluorescent, may be rated as 
having the same color temperature, but their effect 
upon color film may vary considerably because of 
differences in their spectral distribution qualities. For 
the same basic reason, the selection of a filter for 
proper balance cannot always be predicted on the basis 
of its effect upon color temperature alone, as you will 
discover by following the manufacturer's 
recommendations and by making tests of your own. 

Daylight Film. Daylight color film is balanced at 
5400 K. This means that because of the high blue 
content of a light with this color temperature, the film 
is made with a relatively lower sensitivity in the blue 
record emulsion and with a higher sensitivity in the red 
record emulsion. Consequently, the excessive blue is 
minimized, and all reds are strengthened in the final 
transparency. As a consequence the film must be 
exposed to predominantly blue light sources like 
daylight or electronic flash. 

When daylight film is exposed to light with a^ 
preponderance of red, like tungsten lighting, this^, 
exccjss red degrades all colors f and the transparency 
takes on a reddish cast. Essential ly the same effect is 
obtained by exposing daylight film just after sunrise or 
just! before sunset You hav£~probably noticed the 
predominantly red light at these times even though the 
eye is a poor judge of color. The opposite, or a bluish 
cast, commonly appears in various winter snow scenes. 
As a matter of fact, the shadows are definitely blue in 
any outdoor picture, because they are illuminated by 
sky rathjt^han by sunlight. Skylight is largely blue 
because m& short wavelengths of blue light are easily, 
scatteredwatmospheric dust and haze. This, then, is* 
the light thaN^luminates shadow areas. 

Off-c^lor ttMsparencies and prints are not 
necessaril^poor. Take a look at the color illustrations 
in any prKnognpphic magazine. Many top 
photographereNteHjDerately use light of the wrong 
color temperature to sfioot pictures. A reddish cast 
produces a warm tone, while an excess of blue is cold. 
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Of course, these arc special effects designed to create a 
particular mood. f _ 

Tuafttca ¥\lm. As might be expected, film 
manufacturers also produce color materials that are % 
designed for us* under tungsten illumination. These 
emulsions are spe$ifically color balanced for 
illumination thatmeasures either 3200 K (tungsten) or 
3400 K (photofloods). Tungsten lighting is rich in red; 
therefore, the tungsten type of color films are made 
with a pronounced sensitivity to blue in order to 
compensate for the lack of abundance of blue under 
this kind of illumination. This is the reason why, when 
you examine a, roll of tungstfen transparency film 
exposed in daylight, the cotprs appear to have an 
overall bluish cast. By using the appropriate 
conversion filter, you can use tungsten film in daylight 
and get satisfactory results. . 

It Is important to determine the exact tungsten^ 
rating of the illumination so that you can choose the 
appropriate tungsten-f|hn and any accessory filters that 
may be necessary. You afco should know that the color 
temperature of a lighting source^an change with time 
and with line voltage fluctuations. For example, many 
tungsten bulbs designed for photographic use are only 
guaranteed to put out a particular temperature for a 
couple of hours. In addition^ line voltage change of 1 
volt will change the color temperature by 10 K in the 
direction of the change. Therefore a 10-volt increase 
would increase the color temperature by 100. 

NOTE: While not covered in this CDC, there are 
color temperature meters for measuring the color 
temperature of any light source. This type of meter is 
invaluable in color photography. , 



Exercise (638): 
1. Complete statements on the characteristics of 



. and 



color film, 
a. Color films have 



. emulsion layers. 



b. The middle emulsion in color film is designed 
to record light. 



c. A _collodial silver layer is found 

between the • . / and emulsion 



layers of color film. 



d. The bottom emulsion layer of color film is a 
. type film that is designed to record 



. light. 



e. Cyan would be recorded in the 
, emulsion layers. 



f. Tungsten house lamps would be richer in 
* ' light than tungsten lamps designed 

for color photography^* 



g. Daylight is rich in 



light 



h. Daylight color film exposed under tungsten 
light would give the images a heavy cast 



i. Tungsten film is designed for light sources that 
are rich in light. 



j. If thje line voltage on a 32D0'K lamp went up 20 f 
volts, the Kelvin temperaurfe $buld change to 



639. State the principles of the care and storage of 
color film. 

• Care of Color Materials* Much of oiir discussion 
about the care, storage, and handling of black-and- 
white materials applies equally well to color materials. 
As you probably know from your experience in buying 
color film, the cost of color materials and processing is 
almost three times the cost of using black-and-white 
films. You can therefore appreciate that the Air Force 
has a substantial overall investment in color materials. 

It is extrejnely important that any changes in either 
the length, width, or thickness of color materials be 
avoided becatise of their multilayer structure. As a 
rule, by maintaining control over the relative humidity 
(RH) content and temperature of a prpperly 
constructed film storage area, you can, protect color 
materials from environmentsjhat cause these changes. 
As is tjit case with black-and-white films, keep the 
relative humidity of the storage facility at 40 to 50 
percent. This is particularly important with materials 
which have been exposed or processed, for dye 
• changes will result because of high humidity. 

Color materials require low temperatures, as well as 
controlled humidity conditions, in order to preserve 
the initial filta speed and to maintain color balance. 
To assure .high quality, sealed containers of most kinds 
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of color film can be "stored safely for a period of 
several months at a temperance of 55°F or less. For 
periods longer than 6 months, rt\is customary tb store 
color materials at 0* to - 10°F. 

NOTE: For good results it is necessary to allow the 
material to warm up to working temperatures prior to 
use. 

In addition to heat and humidity, color materials 
should be guarded against contamination of all kinds. 
Film and other materials should never be stored near 
chemicals or any other source of vapors. Such vapors 
can have permanent effect on the color quality of your 
materials. 

Exercises (639): 

1. Color film should be stored in an. environment 
which has what range of relative humidity? 



2. What should be the temperature for long-term 
storage of color film? 



3. What is likely to happen to film that is not 
. properly stored? 



4. Should color film be stored near photo chemicals? 
Why? 



5-3. Expose Color Film 

In contrast with the problems inherent in earlier 
color processes, present-day color films are highly 
standardized and effective. Even so, you must control 
your product if you are to obtain consistently good t 
results under varying conditions. In this section we 
will cover a few points that you should remember in 
exposing color films. ? 

640. State the principles and techniques of exposing 
reversal color film. 

Exposing Reversal Color Film. "Unlike 
panchromatic .black-and-white films, color emulsions 
can accurately reproduce a much narrower range of 
brightness values. Normally a scene's contrast cannot 
be greater than 3:1 to hold both the shadows and 
highlights. This calls upon th$ photographer to use 
supplementary lighting for both indoor and outdoor 
work to keep contrast low. This particularly is true 
with reversal films. The reversal process basically, uses 
up all of the sensitive silver halides in order to obtain 



the necessary final positive image. There is little room 
for error and exposures must normally be within one- 
half F'stop of perfect in order to guarantee top quality 
results. 

NOTE: Prove this to yourself by picking a typical 
outdoor scene and shooting an exposure test with the 
color reversal film that you are using. Bracket your 
exposures from three under through three over in half- 
stop increments. Such a test will give you a good idea 
of the latitude of the film you are using. 

Figure 5-8 illustrates, in a general way, the 
influence that narrow film latitude has on the 
reproduction of a scene when you are using reversal 
film. For purposes of simplicity, consider each pair of 
the three views by its respective letter as cross sections 
of color film. In each case, the k upper cross section 
represents the results of the film's initial exposure and 
its first development. Imagine that the original subject 
was illuminated by a predominantly red light such as 
you would find in a vivid sunset. Consider the 
shadows, halftones, as well as highlights, as different 
densities of the same color. Normally, color material 
can record' more shades of brightness values than 
figure 5-8 shows. The lower cross section represents 
the film after it has been reexposed and run through 
tfte cdlor developer. In each vieW, the exposed silver 
ftalidc£ are shown in black, whereas portions of the 
emuteioiTMhat remain blank are riot affected by light. 

With^ngrmal exposure, about one : half of the 
silver haUdesare. affected (see A of fig. 5-8). Note that 
the filnr Reproduction of the subject would record the 
same-r?uige of brightness values as the original scene. 
Compafe die-scene results of the normal exposure with 
those of Overexposure and underexposure. The 
former, shown in B, would appear. as a very thin 
transparericy, since the initial overexposure has 
affected the major portion of the silver halides. A 
considerably smaller amount of halides remains to be 
affected $y reexposure and color development. The 
, highlights appear washed out, as little dye is produced. 
Underexposure, as shown in C, affects less than one- 
half of the silver halides in the color emulsion. 
Therefore, when the reversal process forms the 
positive image, the greater part of the silver halides is 
affected by reexposure and color development. This 
results in a much denser positive image which is more 
satisfactory than an overexposed image. 

NOTE: Your understanding of this*wilj increase 
when we cover processing of reversal film. For now 
just try to get the idea that as you increase exposure 
over normal the final transparency will be lacking in 
color. Conversely, as you decrease exposure, tht 
transparency will become darker and darker. 

Exercises' (640); te 

1. What is the exposure latitude of reversal color 
film? 



2. A scene's contrast should not exceed whju ratio 
when using reversal film? 



3. What is one way you can reduce a scene's 
contrast? 



4, Heavy dye densities result from what type of 
reversal exposures? 



641. Identify is true or false statements concerning 
principles tad tecktiqoes used in exposing negative 
color film. 

Expose Negative Materials. So far we have 
illustrated color exposure problems in terms of color 
reversal film. Let us now turn our attention to negative 
color film. - * 

Negative coldr film has a few advantages over 
reversal film. The advantages are these: 

• Negative color film has a latitude approaching 
that of black-and-white film. 

• The lighting ratio can be 4:1 . 

• Color and black-and-white prints can be made 
from the color negatives. Because the film must be 
printed, it allows you 'an opportunity to dodge and 
burn- in to correct for contest problems encountered 
when the film was exposed 

Basic professional negative color sheet or/oil film 
from Kodak comes in two forms: Vericolof IT Type 5 
and Vericolor II Type L. It is important that you 
% understand the differences between these two films. 

Type S Vericolohll. This film is designed for short 
exposures. It is specifically for making color negatives 
at exposure times of 1 /10th of a second or shorter. It is 
balanced for use with electronic flash, blue flash, or 
daylight without a filter. With the appropriate filter, 
the film can be exposed with clear flasb^amps. It has 
an ASA of 100/ 1 7 

Type L Vericolor 11 This film is designed for long 
exposures. With it, you can make color negatives at 
exposure times ranging from i/SOth of a second to 60 
seconds. It is balanced for use with 3200 K lamps 
without filters and can be exposed under phofo floods 
or daylight illumination by using the appropriate 
filter. It has an ASA of 50 for an exposure of 5 
seconds. (Y ou should consult the data sheet that comes 
with the film for the'oasic ASA rating for other 
exposures,) 

NOTE: Reciprocity failure is a serious problem in 
any aigect of color photography. Extremely long or 
short efcraures are likely to cause color shifts with 
either reversal or negative films. It is therefore 



important to follow the manufacturer's exposure 
recommendations for the film you are using. 

Negative Qwdity. The most important single 
c h a r a cte ristic of a color negative is that it have 
adequate shadow detaiL The exposure Jatitude of the 
film depends upon subject color, contrast, and the 
lighting ratios you use. Exposure latitude ranges from 
approximately one stop under to two stops over. If 
there is any doubt concerning the correct exposure, 
overexpose rather than underexpose. An overexposed 
negative tends, to print warm, or yellowish, but the 
results are not too objectionable. If the color negative 
is underexposed, the color balance will be off. If you 
try to correct for the shadow areas as you print, the 
highlights tend to go too warm, or reddish-Jf you try to 
correct for the highlights, the shadows tend to go too 
cool, or bluish. s 

The color balance- of a color negative cannot be 
easily determined visually, but the adequacy of 
exposure can be. If there is no visible shadow detail, 
and theshadow areas arcclear orange, the negative is 
underexposed. When the highlight^ are blocked up, 
the negative has been overexposed. Evaluauon of 
color negatives may seem very difficult when you first 
work with them, because of the orange masking. (This 
orange masking will be understood when you study the 
processing of color negative film.) You can overcome 
this by viewing the negatives through a Wratten N-61 
green filter. This filter neutralizes the orange masking 
and makes it possible to view the shadow and highlight 
areas for detail. 

As an aid in determining the color balance of color 
negatives, a neutral gray card of 1 8 percent reflectance 
should be photographed with the subject Place the 
card along the edge of the scene where it does not 
interfere_with the subject; hotfgper, it must receive the 
same lighting as t}p subje^flfihis is not possible-then 
shoot one with and without a gray card.) Once this 
negative has been processed the gray card can be used 
as a reference in printing. 

Exercise ($41): 

1. Identify each of the following statements 
regarding the exposure of color negative film as 
true or false by underlining True or False 
following the statement y 
a. Color negative film has greater latitude than 
feversal film. True or FaJ^ 



b. Type L negative film is desired for daylight ' 
use. True or False ' • / 



c. Type S film is designed for exposures of a 
minute or less. True or False 
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d. Type L film has the same ASA rating 
throughout its exposure range* True or False 



e. To judge a color negative you may have to use 
an N-61 filter. True or < False 



Unlike reversal film, if you have any doubts 
about your exposure with negative film, you 
should teod toward underexposure. True or 
False 



g. To help in printing, you should have a gray 
card in the scene you are shooting- True or 
False 



5-4. Filters for Coi^Pb^tO|graph> 

ColGF^filtn, unlike tEe^, is designed to record 
Kelvin temperature; 5400 K, 3400 
iters are therefore necessary to filter 
the zvpiteSHAi&d to match the Film, ThenUrCffour 
categories otmters that perform this task 
conversion . filters, (2) light-balancing (corr< 
filters, (3) color compensating filters, and (4) specia 
tenpose filters. Filters for color photography are paler 
^an those used for black-ana-white photography, but 
their principles of application are the same. 



642. OxJjwe the correct filter to be used under 
different pkotograpfcic situations involving color 
film. 

Conversion Filters. Conversion filters are very 
strong filters and are used, for exposing tungsten-type 
color fjlms under daylight conditions and daylight 
film under tungsten illumination. The fofipwing list 
will indicate the filter to use: 




FUm Type 

Daylight 
Daylight 

Dcylisht 

Type A 
(Balanced for 
3400 K) 
TypeB 
(Balanced for 
3200 K) 





Filter 


3200 K Lamp* 


S0A 


MOOKUmp* 


SOB 


(Pbotofloods) 




Clear Rash 


-80C 


0800 X) 




Daylight 


85 


Dtyiifbt 


$53 



F/Stop 
Increase 

12/3 
} 



.2/3 
2/3 



NOTE: Type 8G filters are blue in color, whereas 
85*s are yellowish. This and other lists in this section 
are just guides. You must follow the recommendations 
of the film's manufacturer. , „ 

Light Balancing Filters. Light bannering filters are 
paler than conversion filters. They are used for sliglk 
atjji^iraents within the general ligljt balance of the film 
QjL, matching type A film to different types of 
tungsten lighting, etc). The following is a list of 
commonly used light balanc 



' Fibn Type Filter 

Daylight 81 A 

TypeB 81A 

Dayligj/ $J8 *■ 
Type A m Jl£ 

Daylight 82A 

Type A 82A 




Purpose 

Absorbs excess btue in doody 
weathetrsnade or when using 
electronic Hash indoors. 

When using type B film with 
pbotofloods. 

Same application as an 8 1 A but 
with stronger results. 

For using ciearTlash bulbs with 
rype>yilra 

Reduces the excessive warmth 
found m early morningjLndiaic 
afternoon light 

To balance type A for 3220 K 
lights. 



F&op 

/noreos^^^ 



1/3 



1/3 



1/3 



1/3 



1/3, 



NOTE: 81 filters are yellowish, whereas an 82 is a" 
bluish filter. 

sCoior Compensating Filters. Color compensating 
filteV* come in pale tints of red, green, blue, magenta, 
yellow, and cyan. They are used to make very subtle 
color changes. A very large selection of densities are 
available, as shown in table 5-2. For this reason color 
compensating filters are available in gelatin sheets. 

Special Filters^ Special filters have been designed 
for specific type light balancing problems. The 
following list will indicate a couple of filters that are 
available, A 



Film Type Filter 
Daylight FLD 



TypeB FL% 



Daylight CC30R When using dayli 
underwater. 



Purpose 

Eliminates the blue-green cast 
which results when shooting 
daylight film under fluorescent 
lighting. 

Used when shooting type'B film 
under fluorescent lighting 

tgh^fllm 



FfSiop 
Increase 



2 1/3 
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Exercise (642): ' 
1. Which filter would you choose for each of the 
following situations? 

a- Shooting dayligR^film with tungsten lighting. 



TABLE 5-2 
TYPICAL COiXJR -COMPENSATING (CO FILTERS 



FUttr # 
NomaycUture 


Color 


-4 , 

•Color 
Density 


Exposure Increase 
In Stops 


CC 025 R 
CC 05 R 
CC 10 R 
CC 20 R 


Red* 


0.025 
0.05, 
0.1(f 
0.20 


C _ 

* 1/3 
1/3 

1/3 


CC 021 0 
CC 05 G 

CC 10 G . ; 
CC 20 G | 


Green 


0.25 
0.05 
• 0,10 
0.20 


1/3 
1/3 
2/3 


CC 025 B ^ s 

CC 05 B 

CC 10 B » 
CC 20 B v - 


Blue 

* 


0.025 
0X5 
0.10 
0.20 


1/3 
2/3 


CC 025 Y 
CC 05 Y 
CC 10 Y . 
CC 20 Y 


Yellow 


0.025 
* 0.05 
0.10 
0.20 


1/3 y 
1/3 \ 


CC 025 C 
CC 05 C 
CC 10 C 
CC 20 C 


Cyan 


0.025 
0X5 

0.20 


1/3 
1/3 


CC 025 M 
CC 05 M 
CC 10 M 

CC 20 M f 

V 


Magenta ' 


0.025 
0.05 
0,10 
1 0,20 


1/3 
1/3 
1/3 


Note: • AH the above jilters ire 'also available in additional demitie* of 30, .40, and 50. If filter* 

are used in combination, exposure incrrate should be obtained by trial and error, 231-697 



b. Using type A film in-jiayiigbt. 



b. When shooting . daylight film indoors with 
electronic flash. . 



c Shooting type A film with 3200 K lamps. 



i. Shooting daylight ufflf with clear flash. 



t\nnf wit 



d. Using type B film with photofloods. 



j. Shooting daylight film in the early morning. 



e. Using clear flash with type A 



f. Shooting type B film under fluorescent lights. 



g. Using daylight film underwater. 



•5-5. Mix Color Chemistry 

Manufacturers of color film prepare processing kits 
that contain all the chemicals necessary to develop, 
their product It is .therefore important to match the 

% right chemical kit with the film you are using. These 
prepared kits arex available in many different sizes to 
rneet your requirements. By Choosing the right size kit 
for the amount, of film you have to process, you can 
prevent waste. 

In this section we talk about mixing the chemical 



PART 



1 



231-361 



CAUTION: May causa skin irrita- 
tion. Avoid contact with skjn. Avoid 
braathing dust. In cast of contact, 
flush with plenty of water. 



PAflT 



IS 



A 



XT I7M1 



r Contains Formaldehyde 



WARNING! Causes irritation of skin, eyes, nose, 
and throat. Avoid prolonged or repeated contact. 
Avoid prolonged breathing of vapor. Use with ade- 
quate ventilation. In case of contact, immediately 
flush s.kin or eyes with plenty of water for at least. 
15 minutes; for eyes get medical attention.*' 



@ v POISON 



ANTIDOTE: Give a^tablespoon of salt in a glass of 
warm water and repeat until vomit fluid is clear. Give 
rpilk or whites of eggs beaten with water. CALL "A 
PHYSICIAN. 



PART 



Contains sodium bisuifate 

CAUT„!ON: May cause skin irrita- 
tion. Avotd contact with skin and 
ayes- to case of contact with "eyes, 
get medicaCattention. 



>4 

xr tun 
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PART B 

Contains sodium hyd roxi de 

DANGER! Causes severe bums to 
skin and ty*s Do not get in-eyes. 
on skin, on dothing. Do not tefca 
tntemalry Whin handling, wear gog- 
gles Of fact shield: 

H POISON H 

ANTIDOTE: Extemei In case of con- 
tact, immediately flush sfan with plenty 
of water, for eyes, flush with plenty 
of water for at least 15 minutes and 
get medical attention. Internet Do 
not use emetics . Give water with 
Urge amounts of diluted vinegar, lemon 
or orange juice. Fojlow with mittt or 
whites of eggs beaten with water 
CftU A PHYSICIAN. 



figure 5*9. Chemical warnings. 



kits, quality control, storage, and safety. The main 
point to remember is that by following the 
manufacturer's directions you can turn out a good 
product 

643, State the principles and procedures related to 
the mixing and storing of color chemistry. 

Mixing the Solutions. Before mixing any* 
chemicals, check your water supply. Alwayyise clean, 
sediment-free water. It may be necessary to fHfer the 
water tp get rid oT unwanted particles, buywfolty tap 
water is free of sediment la som*-«re£sthe water 
supply may contain an excess of sulphur or irojri. If this 
is the case, it may be necessary to use distilled water. 

The water must be at the recommended temperature 
for mixing. The mixing temperature Js likely to be 
higher than the processing temperature so read the 
directions carefully Mixing should be'done in proper 
stainless steel, or rubber tanks to prevent corrosion. 
Remember that the tanks must be spotlessly clean prior 
to pouring in the water. 

When you mix chemicals, it is preferable 16 follow 
cfte order in which tl^p solutions are used This 
minimizes contamination of solutions. Sloppy 
techniques in measurement or mixing will produce 
y chemistry that gives off-color results. It is, therefore, 
very important that each mixing step be carefully 
followed. 

Quality Control. Quality control in color work is 
even more important than in black-and-white 
„ processing. Specific gravity, pH, and sensitometric 
testing should be performed and results compared 
against an established standard. These techniques will 
be explained in the next chapter, but it is important to 
remember that they apply -to color work as well as 
black and white. „ ^ 

Storage* The processing kits obtained from .the 
manufacturer do^Tiot require special storage 
consideration, because the chemicals are in cans, 
packages, or bottles. Any reasonable storage 
conditions which are free from extremes of 
temperature or humidity should prove satisfactory* 
This> situation changes, hoytfTeT after you put the 
chemicals into solutionr^^ 

For best results, all solutions should be freshly 
mixed and immediately used^Unused solutions may be 
kept several weeks, provided they are stored in full, 
well-stoppered, amber-colored bottles. Bottles should ' 
be full, because airspace at the top permits excessive 
oxidation. Quantity production labs use large tai\ks * 
with floating lids. 

To get the most out of your chemicals, it is a good 
ide& to coordinate yrikr mixing with your shooting 
schedules so that you can process as much film as 
possible with freshly mixed chemicals. It is not, 
however, a good idea to keep color film piling up in 
order to have enough to process. Color film that is 
held up for processing may have color shifts which will 
lead to useless results. 



NOTE It is essential for good results that all 
containers be properly labeled and dated. It is also a 
good idea to have record sheets indicating how much 
materials have been processed. Such data will help you 
determine when the solutions should be replenished or 
dumped. 

Handling of Color Chemicals, Figure 5-9 
illustrates some of the caution mariJfes found on 
chemical containers. Be sure to ^oide by such 
warnings. They are not to be treated lightly. Some 
color processing chemicals may only produce an 
inflammati6n of the skin after prolonged exposure, 
but others can be quite dangerous if they are 
mishandled. 

The best insurance against problems caused by 
chemicals is a laboratory and personal program of 
contact prevention. Many problems stem from the fact 
that you handle fairly large quantities of hazardous 
liquids, solvents, and solids. Even in small quantities, 
some of these are hazardous. We shall list general 
precautions. Your lab has many additional specific 
handling precautions and procedures. You will find 
that one of the more effective preventive measures is 
cleanliness. 

Handftpg liquids. Some of the major precautions in 
liquids and solvents handling are listed below. 
Remember, these are generalized statements that may 
not include" the specific measures established for your 
lab. 

a. Keep working areas clean and free from spilled 
solutions. 

b. Wear rubber gloves, protective clothing, and 
tight-fitting goggles— especially when handling large 
quantities of liquids or any amounts of hazardous 
liquids. 

c. Dispense liquids from drums by means of 
mechanical pumps or metering devices. 

d. Take care in opening containers. Never leave 
them open. 

e. Do not store concentrated acids, alkalies, or 
irritants in open containers. 

/ Store large containers of hazardous liquids oh or 
near the floor. 

g. Store flammable solvents in approved containers 
and away from ignition sources. Store them at 
electrical ground potential by employing a grounding 
wire. Observe "no smoking" regulations. 

/l Do not breathe (or contact) vapor from solvents 
such as formaldehyde, enthylerle chloride, 
chloroform, and benzyl alcohol. Provide forced air 
ventilation as required; for example, over the tanks of 
processing machines or other areas where these vapors 
exist 

/. Always add acid to water, never water to acid. 
/ Know the location of emergency body and eye 
showers and how and when to use them. 

* 

7 Handling solids. The principles of handling solids 
safely are basically the same as those of handling 
liquids and solvents safely, that is, you should avoid 
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YELLOW 
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*CTSt BLEACH 
(PART D) 



YEUOW 



YELLOW 



YEUOW 



CLEAR 



MAGENTA 



CYAN 



MAGENTA 



CYAN 



CYAN 




MAGENTA 



WtODUCnON Of ORIGINAL SUUECT COLORS 
(PART Q 




BLACK 


BLUE 


GREW 


RED 



MAGENTA 


CYAN 


YELLOW 


WHITE 



Ftpyx 5-10. Dye formation. 
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skin contact and inhalation. Keep chemicals off the 
skin, out of the eye*,, lungs, and stomach. Such 
avoidance is largely accomplished by means of 
personal protective measures, mechanical handling, 
proper storage and transport, use of ventilation hoods, 
and clothing/area cleanliness. 

Perform all bulk weighing and container-to- 
container transfer under a vented weighing hood so 
that chemical dust is removed befor$ it can fall on your 
clothing or be inhaled Keep the" area dean, wear 
gloves and goggles, and change clothing frequently. 
Clothing cufft catch chemical dust and are the most 
frequent cause of difficulty. 

Problem-causing color chemicals. Even if you are not 
concerned with mixing up large quantities of colof 
processing chemicals, there is still a good chance of 
contact with them If you get color developer, bleach, 
or stabilizer on your hands, immediately wash your 
hands. If your hands are chapped or cut, or if the skin 
is sensitive for some other reason, the chemicals can 
penetrate faster and compound the problem. 

Color developers are especially active skin 
sensitizers and can cause dermatitis (skin inflamation) 
for practically all those who handle them carelessly. 
The formaldehyde in a stabilizing bath and the 
potassium dichromate in a bleach bath are also 
cheipicals that cause dermatitis. If any itching, 
burning, redness, or swelling occurs around your nails 
or between your fingers, see a doctor as soon as 
possible. Do not continue working and do not try to 
doctor yourself. 

Exercises (643): 

1. What type of water should be used to mix color 
chemistry? 



2. At what temperature should the water be for 
mixing? 



3. In what order should chemicals be mixed? 



4. Proper chemical storage will help prevent ,/vhat 



What is the besNay to prevent dermauus? 



6. Where should a container of hazardous liquid be 
stored? 
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7. What should you do if your hands get soaked in 
color bleach? 



5*6. Processing Color Film 

So far you have studied the types of color films and 
how to expose them, and you have learned certain 
general principles on how to prepare the chemistry for 
processing. In this section you will be given an 
overview on what must take place to produce a color 
image and the steps in processing reversal and negative 
color films. • 

644. Complete statements on the basic principles of 
color processing. 

Formation of the Dye Image. Color films are 
basically multi-layer black-and-white films at the time 
of exposure. In fact color film can be processed in a 
black-and-white developer to produce a negative that 
can be printed in the normal manner. It is only when 
color film is processed in a color developer that color 
dyes are formed to give you color. • * 

To understand the importance of this idea, let us 
Study the basic steps in the exposure and processing of 
reversal color film. First refer to figure 5-10, so that 
you can follow the process of exposing and processing 
the film. Notice that the blocks labeled "Subject 
Colors" in part A include both the primary and 
secondary colors. Consider these blocks as though 
each one was a separate object so that it is somewhat 
easier to follow the results from one area to another. 

Now let us bfegin. Suppose we expose film in our 
camera using the series of color blocks as our subject 
Light makes an exposure on the film in the appropriate 
layers. The/ilm is then developed (First Developer) to 
a negajivtfimage, as shown in part B. Notice that silver 
halites are exposed only in the sensitive layer which 
corresponds to the color of the object For example, a 
bl*e object exposes the top blue-sensitive layer and 
nylne other. After development, the silver halides in 1 

lis area are reduced to black metallic silver. Note that 
the secondary colors expose two layers, black none, 
and white exposes all layers. 

Following the first development (and necessary stop 
bath, hardener and rinse), the film is exposed to white 
light This exposure fogs the remaining silver halides 
which were not affected by camera exposure. (In some 
processes like Kodak's E-4, this reexposure is done by 
chemical means rather than actually exposing the film 
to light) The film is then processed in the color 
developer and appears as in part C. The silver halides *" 
that were exposed during the second exposure are fully 
developed now. During color development, a strange 
event happens. In addition to other chemical changes 
which take place, colored dyes are formed These 
colors are secondary colors that combine to reproduce 
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the colon of the original subject This is based on the 
subtractive color principle. By following what has 
happened to our blue subject, you can see that 
following reexpoture and color development that 
there has been the formation of magenta and cyan 
dye*. Passing white light through these two dyes will 
produce a blue image. 

The final step of the process is illustrated in D. Up 
to this point we have produced three images: a black- 
and-white negative, a black-and-white positive, and a 
color dye image. Since the metallic images remain, the 
film appears opaque. Once the metallic silver has been 
bleached and fixed away by the remaining steps of the 
processing, only the dye image remains. 

Once the silver has been removed and the 
transparencies have been dried, we can see the result of 
our processing. When we view a transparency by 
transmitted bght light is filtered through the dyes that 
have been formed Using our original blue subject 
again for example, notice that in the blue'&rea, white 
light must pass through what is effectively a magenta 
and a cyan filter. The combination of these two colors 
subtract all colors except blue. Magenta is blue and 
red, cyan is blue and green . Therefore, the magenta 
dye does not pass green, and the cyan does not pass 
red The only color common to both is blue, so it will 
be the one transmitted The result of all this selective 
filter action is a reproduction of the original subject 
colon as shown in part E. 

The "gimmick" that mSBe this possible was the 
formation of colored dy^s during the second 
development The principle involved in the process is 
called dye coupling. Each color-sensitive layer of a 
color emulsion contains, in addition to the silver 
halides, a chemical that is used as a coupler, which, 
when it comes into contact with another ingredient in 
the color developer (usually an amine or analine), 
forms a dye of a specific color. The union (or chemical 
action) between color-forming chemicals takes place 
only while development (or silver reduction) is 
occurring and oxidation products are being formed. 
This principle of color coupling is particularly well 
adapted to color photography, because color is not 
formed in any area where light action has not taken 
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Figure 5*1 1. Neptive color nuukin*. 



place. Most present-day color film processes operate 
on this principle. Because of the similar chemical 
structures of the various dye couplers, the film from 
one manufacturer can be processed in the chemicals 
from another company, but any results from this 
intermixing will likely be unsatisfactory. There is 
color, but many odd varieties may develop. 
Accordingly, the procedure is normally not 
recommended. 

Color Negative Film. The basic difference between 
negative and reversal color processing is that negative 
film is processed in a single, color developer. There is 
no reexposure step or use of a black-and-white 
developer. The amount of dye produced is directly 
related to the exposure the particular film layer 
received during camera operation. In addition, color 
negative film uses colored couplers in forming the 
middle and lower dye layers. This last point requires 
some explanation. 1 

Dye characteristics. After color film is completely 
processed, all that is left is tfie three different layers or 
dye. The primary purpose of these dyes is to control 
transmission and absorption of red, green, and blue 
light However, the best available dyes produced in 
color film absorb some light which they should 
transmit. This is true in negative and positive color 
films since the dyes used are the same. For example, a 
perfect cyan dye would absorb only red light and 
would transmit green and blue light freely. All known 
cyan dyes, however, absorb fairly large proportions of 
green and blue light. Similarly, a perfect magenta dye 
would absorb only green light, transmitting blue and 
red light freely. Actually, magenta dyes transmit red 
light freely, but absorb some blue light Of the three 
dyes used (cyan, magenta, and yellow), yellow is the 
closest to ideal. Yellow absorbs blue light and 
transmits green and red light 

The effects of the unwanted absorptions of the dyes 
are not a serious disadvantage in a positive color 
transparency which is to be used only for projection or 
viewing on a light table. The real difficulty is 
noticeable when a duplicate or a color print is made 
from the transparency. Since the dyes in the 
reproduction material are the same as the dye in the 
original, the errors are multiplied in the reproduction. 
In order to produce satisfactory results, supplementary 
masking must be used for correction of color. 

If masking is not used, two types of errors will 
occur in reproduction. These errors are saturation and 
hue of colors. First of all, blues, cyans, and greens tend 
to be too dark, while reds, oranges, and yellows tend 
to be too light. Second, hue-shift errors occur. Reds 
usually shift toward orange, magentas toward red, and 
cyans and greens toward blue. 

Masking to correct dye error. Color masks, which 
provide a ne*tralizing effect for unwanted dye 
absorption, are readily seen in the unexposed areas of 
a color negative. (See fig. 5-11.) There are two such 
masks: a yellow mask in the green sensitive (magenta 
dye forming) layer, and a reddish magenta mask in the 
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red (cyan dye forming) layer. Together they produce 
in orange tint in unexposed areas. There is no itad for 
a matk in the blue sensitive (yellow dye producing) 
layer, since the yellow dyes usually have negligible 
unwanted dye absorption. 

The absorption of a mask corresponds to that of the 
dye layer for which it is made. For example, magenta 
dye (which should absorb only green) absorbs blue 
light The yellow mask for this layer absorbs the same 
amount of blue light uniformly over the area of the 
negative except where magenta dye is produced. Thus, 
where mangeata dye is produced, the yellow mask is 
destroyed in an equal proportion. • The result is 
e limin a t i o n ofcokH* distortion because the unwanted 
absorption is/unifofcm over the entire negative area. 
This is accomplished by-using a colored dye coupler. 
An ingredient, quinone diimine, in the color 
developer reacts with this coupler to form magenta dye 
and destroys the yellqw coupler. The red coupler for 
the cyan dye layer works in the same manner. The 
mask formation does not require any auxiliary 
treatment but forms automatically during color 
development and remains in the film after processing. 

Exercises ((44): ■ 

1. What type of image is formed in the first developer 
of the reversal process? 



2. How is color achieved in color films? 



3 What color dye is produced in each layer of color 
film? 



4. List the images that are formed once reversal 
film has been processed through the two 
developers? 



The amount of color dyes produced during the 
processing of color reversal film is directly 
proportional to the number of halides exposed 
during camera operation or during reexposure. 
Yes or no? Why? 



7. If you photograph a- blue subject with negative 
color film, what dyefe) will be produced during 
processing? Why? 



8. What colored couplers are used in color negative 
film? Why? 
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6. If you photographed a red subject with reversal 
color film, what colored dyes would be formed 
during processing? 
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Figur£'5-12. Reversal procewng. 



$45, cRhdiw ud exptai* each step in -the reversal 
color proSfi^ ^ 

Reversal Color Processing. In reversal color 
processing there are -five major steps: first 
development, reexposure, color development, bleach, 
and fix. These major steps are illustrated in figure 
5-12. It must -be stressed, however, that the exact 
number of processing steps, their order, the necessary- 
times, temperatures, and methods of agitation are very 
much dependent on the film/developer combination, 
that you are using. With color processing, even wore 
than in black and white, you must follow directions 
for consistent results. What follows is ^brleFv 
description of what tiappens in tbt five majpc steps te 
give you a better unders^ndirtg oj^reverial filjn^ 
processing. V A. 'y • \ //^ * *" '* 

First developer. The first deyelog^is a, veiy active 
black-and-white tjevetoper {similar "to D-19). Its 
^ function, is to produce a black-and-white negative 
•Vj image. The real trick is to expose and develop about 
\J onr-half of iher silver halides. If you do otherwise, too 
'* / little or too much dye will be produced in the color 
developer. 

NOTE: Processing in the first developer must be 
exact Temperature must be within one-half degree of 
standard and time, and agitation must be on the 
"money. M 

Hardener stop bath. After the first developer, 
development is stopped by processing the film in a 
solution similar to an acetic arid stop bath. Since the 
first developer is alkaline, development will be 
arrested when the emulsion is placed in the acid bath. 
In Kodak's E-3 process, the stop bath and hardener 

• are combined in one solution. A hardener js necessary, 
because the emulsion is extremely soft. If the film isn't 
hardened, it may be damaged by abrasions, or it may 
be subject to further softening and separationfrom the 
base during subsequent steps 1 . Room lights can be 
turned on after the developer has been completely 
neutralized. J 

Reversal exposure. This second or reversal exposuic 
serves two purposes. First, it produces a positive latent 
image; and second, it forms the basis for the . 
production of the colored dyes. The amount of dyes 
produced in the color developer are directly 
proportional to the number of halides fogged 

# (exposed) during reexposure. The reversal exposure 
time isn't critical except that it must be complete. The 
usual method is to expose the film to a photoflood 
lamp for at least 30 seconds a side. 

CAUTION: Photoflood lamps and similar lighting 
can get very hot. A bulb&buid shatter if splashed with 
liquid. 

NOTE. As mentioned before, in some processes 
like Kodak's E-4, reexposure is accomplished by 
chemical means. 

; Colp^eveloper. The color developer performs two 
ftmction^firtt, it reduces the halides exposed during 



TABLE 5-3 
E 3 PROCESSING STEPS 



Ektachrome — frocen E-3 


Solution or ••Remarks •Time 
Procedure minut et 


1. First Agitate as prescribed 10 min. at 
Developer for equipment used 75 # F.-j^Vi* F. 


2. Rinse Agitate continuously 
for the first 15 
seconds in running 
0 water. 


1 


- y. Hardener Agitate continuously 
; for the-first 15 
seconds. 


3 


Remaining steps can be done in normal room light. 


4. Wash Running water 


3 


5. Reversal Ke-expose as prescribed fcr equipment 
Exposure used. Films must receive at least 

l-minCpe drain before color development 


6. Color * ' 
Developer 


15 


7. Wash' Running water 


5 


8. Gearing Bath 


5 


9. Rinse * Running water 


1 


10. Bleach See warning on label 


t 


11. Rinse Running water 


i 


12. Fixing Bath 


6 


13. Wash Running water 


1 


14. Stabilizer See warning on labeL _ 


1 


f5. Dry Not over 110 # F. with 

same methods as black and white. 


♦All processing except step Ho. 1 at 73* to IV F. 
••Agitate once each minute by (1) lifting rack clear 
of solution, (2) tilting it 60 # in obe direction, (3) 
reimmersmg it* (4) lifting the rack clear again, (5) 
tilting it 60* in the opposite direction, and (6) reinv 
mersing it Timing: Include drain time (10 secotxk) 
is time for each processing step, 231-69$ 



reexposure to black metallic silver forming a silver 
positive image. Second, chemicals in the coior 
developer .react with the ingredientsMn th£ different 
emulsion layers to form the different color dyes 
(positive dye image). The formatton of -the dyes and 
the reduction of the silver take place simultaneous!) 
and are directly related. 
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Bleach. Bleaching is always the next major step after 
color development The purpose of the bleach is to 
convert all* the silver, inputting the yellow collodial 
silver layer, into soluble cmBfwunds that can be fixed 
away. Inadequate bleaching will result in residual 
silver density which will affect the transmission of 
light 

Bleach is a very strong solution. It must be 
maintained in stainless steel, glass, or appropriate 
plastic containers. Also, many technicians wear rubber 
gloves when working around bleach Jbecause its 
corrosive qualities are quite damaging tofthe skin. 

Fixing bath. The fixing bath serves I couple of 
functions. First, the soluble .salts form&d in the 
bleaches are absorbed into the fixing bath. TheJ^ath , 
prevents any stains that might be caused by havhig 
bleach remain on 'the film. Finally, it acts as a safety 
factor by rertioying any possible residual unexposed 
silver halides that might be in the film. „ 

In addition to these five basic steps, there are 
several other steps common to color processing. 
Between many main steps will be a rinse or wash step. 
A wash step is used to reduce possible contamination 
caused by carryover of chemicals from one chemical 
solution to another, /rlorig final wash (example: 8 
minutes following the fixing bath) is used to remove all 
chemical residue. Removal of chemical residue is + 
necessary in order to prevent discoloration and stains. 
Normally, the last step of ^^^ocessing prior to 
drying is a stabilizer step. The s!Mlizer is primarily a 
wetting agent with formaldehyde added. The wetting 
agent / prevents water drops from forming during 
drying, and the formaldehyde prevents fading of the 
dyes and acts as a hardener. Drying which follows 
processing should be done in a very clean film dryer 
not set above 1 10°F. (See table 5-3 for a summary of 
the Kodak.E-3 steps.) . 

NOTE: You should carefully study your 
transparencies for any processing defect: Stains and 
other problems should be carefully noted and their 
cause discovered. Almost all manufacturers of film 
and developers for color work have charts which 
indicate the cause for the basic problems you might 
encounter. (See tabi^ 5-4 for an example of problems 
arising from Ektachrome processing.) 



Exercise (645): 
1 Outline and briefly explain the five major steps in 



' TABLE 5-4 
PROCESSING ERRORS 



reversal film processing. 



646. Outline and explain each basic Step in the 
negative color process. 

Color Negative Film Processing. Three major steps 
are n^essary in processing color negative film. The 



"Ektachrome" 


Fault 


Prohibit Cause 


Bluish or blue-green cut 


Temperatures too low or 
processing times too short 


Reddish cast 

* 


Wash water after color da* 
veloper contaminated with 
bleach. 


Orange cast 


Film not cleared and fixed 
after bleach. 


Deep red cast 


Film not washed, cleared, 
and fixed after bleach. 


Magenta cast 


Insufficient wash after color 
acvcK/pmexiu j ^ 


Bluish to purple in aver- 
age f ft Hi*H H^nrtti^-t 


Color developer improperly 
mixed. 


Low density shadows with 


Solutions saved too long or 


Greenish cast in heavy 
densities 


Incomplete reversal. 


Greenish cast with dark* 

vllvU «M 


Contamination of color de- 
fixing bath. 


Colors tend to shift after 
film has dried a few days 


Insufficient bleaching or an 
exhausted bleach solution. 


Gray-white streaks or 
scum 


Insufficient rinse after the 
first development 


Orange veiling over (Urn 


Fogging during first devel- 
opment 231499 



major processing steps are color development, bleach, 
and fix. These three steps are illustrated in figure 5-13. 

Upon camera exposure, a latent imagers formed 
within the three emulsion layers of color negative film. 
To start processing, .the film is immersed in a color 
developer. Two images are formed in this solution: a v \ * 
negative "silver image and a negative dye image. The 
amount of dye produced is directly proportional to the • 
amount of silver reduced in forming the silver image.* 
Since two images cannot be tolerated, one must be 
removed. As is the case in the reversal process, the 
bleach bath prepares the silver and the collodial layer 
for removal. Now the film passes through a fixing bath, 
to remove the now soluble compounds. The result is a 
negative color dye image along with the* appropriate 
color couplers. Because this is negative color, it must 
be printed onto a print material to form a positive » 
image. 
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231*364 ^ 
NEGATIVE FILM PROCESSING v 

NEGATIVE EXPOSURE 

8 ; W 



I 














li < 




m m s 







AFTER COLOR DEVELOPER ^ 



AFTER 3LEACH ANO FIX 




SILVER ' 
DEVELOPMENT 

DYE 
DEVELOPMENT 




EXPOSED 
SILVER 

SILVER AND DYE 
DEVELOPMENT 



Figure 5- 1*3. Basic step* of processing color negative film. 

By way of example, table 5-5 gives you the steps for* 
Kodak's C-22 process of negative color film. The 
principle of each step is the same as discussed in the 
Section on reversal processing. Remember, as always, 
consult the particular data sheet for the film/developer 
combination you are working with. 

Exercise (646): m 

1 . Outline and briefly explain the three basic steps in 
negative color film processing. 



5-7. Print Color Materials 

The production of a fine color print is for many the 
ultimate in photography, and for years such 
production was also the most difficult to achieve. 
However, with the introduction of good color negative 
films and paper and with the simplification of cqlor 
print processing, color printing has become as flexible 
and practical as bjack-andf-white printing. A 
tremendous additional advantage of working with 
coict negatives is that, in addition to color prints, you 
can produce color transparencies, black-and-white 



prints, and separation positives for photomechanical 
reproduction. You also can make good color prints 
from color transparencies by first making an 
intemegative or by using a* direct reversal paper 
process. 

** Good color prints are not difficult to make. 
Anyone who has normal color vision and who is 
willing to follow instructions can learn to make good 
color prints. 



647. Name and explain the use of equipment and 
materials used in color printing. 

<r The equipment necessary for color printing is 
similar to that required for black and white. You need 
an enlarger, printing paper, darkroom facilities, and 
equipment for processing. In addition, you need a set 
of color printing filters. Let us discuss a typical color 
enlarger and an example of the type of cblor printing 
paper you might iy using. 

Cbromega D-4 Projection Printer. The Chromega 
is a table-sized diffusion type autofocus projection 
printer designed for making color enlargements from 
photographic negatives ranging in size "from 35mm 
through 4x5 inches. The projection printer may also 



• TABLE 5-5 
THE C-22 PROCESS 



Step and 
Solution 


Precaution* 0 


Time* 
in 

minutes 


1. 

Developer 


Total darkness 


14 


2. StopBafii 


Total darkness 


4 . 


3. Hardener 


Total darkness 


4 


Remaining steps can be done in room light 


, 4. Wash 


Running water 


4 


5. Bleach = 


Read warning on label 


6 


6. Wash 


Running water . 

<> 


s 4 


7. Fixing Bath 




8 


8. Wash v 


Running water 


8 


9. Final Rinse 


Use solution of wetting 
agent 


* 1 


10. Dry 


Remove film from hangers 
or reels to dry. Not over 

no* f. 




• All processing except step No. 1 at 73* to 77 • 
Agitate once each minute by (1) lifting rack clear of 
solution, (2) tilting it 60 ' in one direction, (3) 
reimmersing it, (4) lifting the .rack clear again, (5) 
tilting it 60* in the opposite direction, and (6) reim- 
mersing it Timing: Include drain time (10 seconds) 
in time for each processing step. * 
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1. LAMPHOUSE ASSEMBLY 

2. CARRIAGE ASSEMBLY 

3. GIRDER ASSEMBLY 

i ^5V,a1^ S A ND LENS M0UNT ASSEMBLY 
« ?«^L L, »^ FOCUSING ATTACHMENT 
? %*T£ A * ID SH,FT NEGATIVE CARRIER 
B fcw £ U r, F i^, GLASS LESS NEG. CARRIER 
Sv?:J5. v 236 ,N * CLASSLESS NEG. CARRIER 
^BASEBOARD ASSEMBLY W ER 



10. PROJECTION PRINTING EASEL 

I J! POWER SlTu 0 ^ 3 M ° UNT ASSEMBLY 

13. VOLTAGE STABILIZER 

U. TIMER CONNECTING CABLi* 

• *3i CAMS 

16. 150mm , LENS AND LENS MOUNT ASSEMBLY 

17. 2X by 2X IN. RAPID SHIFT NEG. CARRIER 



Figure 5-14. Autofocus photographic projection printer. 
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be used for the exposing of black-and-white prints. 
(See fig. 5-14.) * 

Major components of the Chromega are as follows. 

50mmf3.5 f 105mm f4. 5, and 150mm f4. 5 lens and 
lens mount assembly— each with a matching cam. 

The lamp house assembly consists of two lamps ami 
light collectors, two motor operated blower systems, 
an integrating sphere, and a removable color control 
unit. 

The lamps and light collectors are inside the two 
ventilating spinnings which are mounted on the sides 
of the lamp house. Each ventilating spinning contains 
a lamp, a light reflector, and , a heat absorbing glass 
assembly A motor-operated blower, mounted behind 
each ventilating spinning, functions to cool the heat . 
absorbing glass. 

The integrating sphere is set in the center of the , 
lamp house assembly. Positioned between the twoTight 
collectors, the sphere reccives^diffuses, and directs tnt 
light toward the negative to brenlarged. A white matte 
coating on the concave interior multiplies tlm 
reflection of the light from the lamps within thi 
sphet^ Thjs multiple reflection, diffuses the light ana 
spreads it uniformly over the negative. 

The color control unit consists of two sets of three 
color filter wheels which^afre geared to three dipl 
indicators. (See fig. 5-15.) The color filter wheels 
contain graduated segments of filter material, in the 
\hrce subtractive colors, cyan, magenta, and yellow. 
The color segments are set on the wheel in overlapping 
sizes ranging from 4 sections to 1 section. This 
staggered arrangement enables the operator to control „ 
the extent of color filtration by manipulating the three 
color control knobs mounted on the sides of the filter 
housing. 

The density of color filtration is registered on the 
three dial indicators which are set in the front of the 
color control unit, The dial indicators permit 
continuous filtration from 0 through *1 80. Both the 
color filter control knobs and the dial indicators are 
covered with tape which is colored to -correspond to 
each color. The entire color control unit may be swung 
out on the pivot bar and lifted away from the rest of 
the lamp house assembly. 

The carriage assembly consists pnmarily ; pf two side 
plates which may \x*> raised or lowered by operating a 
handwheel, while two balance springs attached to the 
girder assembly function to counteract the weight of 
the carriage. Two carriage arms attached to the sid^ 
plates of the carriage assembly support the film stag^ 
and the bellows assembly. A carriage brake knob loc^Cs 
the carriage assembly in place on the girder. 

The lamp house is supported by one long lifting 
lever and three short lifting levec^The long lifting, 
lever serves to raise and lower tRfc lamp /nouse 
assembly to permit the transportation of film and the 
removal of the photograph negative carrier. , 

The bellows is raised or lowered by the action of the 
focusing mechanism against a focusing st)aft. As the 
cam follower wheel moves over, the cajn, motion is 



transmitted through the forkplate to the two lent 
leveling plates. 

A focusing knob permits manual focus adjustment* 
After an initial manual adjustment, the cam follower 
wheel will maintain the correct focus between negative * 
and enlarger for all carriage positions. When it i$ 
desired to shift the cam follower wheehfrom one cam 
to another, a brace allows the whed to be raised away 
. from the cam. A spring- loaded lock holds the cam 
follower wheel in place; this lock must be actuated 
before lifting the wheel. * 

NOTE: The configuration of "the cams, has been 
computed for use with an easel exactly I inch thick. 

The girder assembly forms ^ rigid support for the 
carriage assembly. Gear racks behind the girder 
channels provide for raising and lowering the carriage. 
Two balance springs, mounted on top \f the girder 
and attached to the carriage assembly, counterbalance 
the weight of the carriage and the lamp house 
7 assemblies. 

The baseboard assembly consists of a woodenj 
. baseboard and a steel baseboard plate that form the 
mounting support for .the girder assembly. Three 
rotary clamping pads secure the girder assembly to the 
baseboard. - , 

A projection printing easel, whicii will 
accommodate paper up to 1 1 by 14 inches, is supplied 
with the projection printer- 
Two sandwich- type photograph negative carriers 
and two rapid shift photpgraphic negative carriers are 
sullied with the projection printer. The sandwich 
types are a S^A- by 2'A-inch glassless and a 4- by 5- 
, inch cutfilm glassless. The rapid shift negative carriers 
of tlje 35mm glassless are the 2V«- by 2V*4nch 
glassless type. 

The power supply unit is designed for use with a 
1 1 0- to, 1 1 7-volt ac, 50- to 60-cycle power source. The 
unit contains a stepdown transformer to supply current 
for the lamps and blower motors. Two lever switches 
. and a lama replacement indicator lamp are set in tfie 
front pl#T& of the unit. The ON-OFF switch is on the 
upper left of'jhe front plate; it functions to activate the 
projection printer and start the motor-operated 
blowers. The FOCUS-PRINT, switch is a double 
throw switch located on the upper left of* the front / 
plate. When this switch is, set in FOCUS positipn, it 
energizes the lamps in the lamp house, when it is set in 
PRINT position, it prepares the projection' printer for 
making the exposure. The lamp replacement indicator 
lamp is connected to ground through a 10-watt, 5- 
ofim resistor. If one of the two lamps in the lamp house 
foils to light, the dhrrent will overcome the resistance * 
and flow to ground; -and the lamp replacement 
indicator lamp will light. A recessed male connector, a 
female connector, and a six-prong connector 
receptacle are set in the rear plate, of the power unit-, 
Ripply. A 12-/oot long timer connecting cable is 
supplied with the power supply unit for connecting it 
to jthe tiftier unit. • ' / 

A voltage stabilizer (constant voltage regulator) is 
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1. FILTER INDICATOR DIALS 

2. FILTER CONTROL KNOBS 

3. FOCUSING KNOB 

4. HAN0WHE6L 

^5- DIAPHRAGM CONTROL 

6. BRAKE KNOB 

7. LIFTING LEVER 

8. FILTER LIFTING "LEVER 



Fiput*S-\S. Projection printer operation control* and indicimn 
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supplied as an accessory to the projection printer. It is 
rated at 250 watts, 60 cycle, 1 17 volts input and 117 
volts output The stabilizer should be used in any 
location where the line voltage is not kept constant 
Voltage stabilization is necessary to insure a constant 
color temperature. ^ 
Operational procedure are as follows: \ 

1. Set the cam follower wheel on the cam that is 
matched with the lens being used. This insures 
automatic focusing with the lens you are using. 

NOTE; Matching cam and lens are identified by the 
matching part number which is inscribed on the lens 
and on the cam identification plate. 

2. Insert the appropriate sized negative carrier by 
raising the lamp house and installing the negative 
carrier on the film stage. 

3. Turn the filter lifting lever upward and lift the ' 
filter housing away from the path of the light beam. 

4. Turn the diaphragm control counterclockwise 
and open the lens aperture as wide as possible. Then 
turn the handwheel and raise the carriage assembly to 
its highest point 

CAUTION: Do not attempt to turn handwheel 
without first loosening the brake knob, or damage to 
the carriage gears may result 

5. Set the ON-OFF switch to the ON position and 
set the FOCUS- PRINT switch to the FOCUS position. 

6. Place a sheet* of white paper in the projection 
printing easel and adjust ^he focusing knob until a 
sharp focus is maintained. 

NOTE: Once established, the image sharpness will 
remain unaffected by any subsequent raising or 
lowering of the carriage assembly. 

7. Lower the filter housing and adjust the filter 
control knobs for the desired color filtration. 

8. Turn the handwheel and lower the carriage 
assembly until the desired enlargement size is 
projected onto the white paper in the easel. Then 
tighten the brake knob. 

9. Adjust the diaphragm control to the desired 
f/stop. 

10. Adjust the easel masking plates until the 
desired enlargement image is within thearea indicated 
by the masking blade arms. 

i I. Set the FOCUS-PRINT switch to the PRINT 
position and replace the white paper in^he easel with a 
sheet of sensitized paper. 

1 2. Make the exposure. The exposure time must be 
calculated by the fctop setting, the type of sensitized 
paper, the density of the negative, and the degree of 
magnification. 

Color Print Paper. Color printing paper is a tripack 
reflection type print material with the emulsion 
sensitivity of the three layers reversed from that of 
most color materials. The top layer is sensitive to red; 
the middle to green; and the bottom to blue light. In 
this case a collodial silver layer to filter blue is not 
used as it is in many other color materials. Instead 
each emulsion layer is designed to be monochromatic: 



that is, primarily sensitive to one color only. Of course 
no orange masking, such as that found in color 
negatives, can be used since the print is to be viewed. 

As in other color materials you have studied, the 
color of the dye formed in each emulsion layer during 
processing is complementary to the color sensitivity of 
the layer. Thus, the original subject colors are 
reproduced in the print IJie system works this way. 
The colors reproduced in a color negative are 
complementary to the original primary subject colors. 
A red barn, for example, is cyan in the negative. Cyan 
is a combination of blue and green; therefore, the two 
emulsion layers (in the paper) that are sensitive to blue 
and green are affected when the negative is printed. 
Then, during processing, yellow dye forms in the 
exposed portion of the blue sensitive layer, and 
magenta dye forms in the exposed portion of the green 
sensitive layer. Yellow and magenta in combination 
produce red. Therefore, the red barn isTeproduced in 
its original color. All of the other colors follows 
similar pattern. 

Color print papers are available in a^ariety of sizes, 
weights, and finishes. They all come wid? quite specific 
directions as to use. These instructions must be 
carefully understood for best results. " : 

Storage and Handling of Color Printing Paper. 
High temperatures or high humidity can cause 
undesirable changes in the speed and color balance of 
color print paper. Color paper should be kept in the 
original sealed package in a freezer at about 50°F or 
lower. (For long term storage the paper should be kept 
at 0° to - 10°F.) The paper should be taken out and 
then be allowed to warm up to 70°F prior to use. Any 
unused paper should be returned to its package. Make 
sure you restore the moisture barrier around the 
ung^ed paper by pressing out the excess air, remaking 
the double fold at the end of the teg, and securing it 
with masking tape. Return the package to the 
refrigerator immediately. Do not freeze. 

For best results it is important to process an 
exposed print as soon as possible. If exposed paper 
must be kept overnight prior to processing, it should 
be packaged and refrigerated. Remember that the 
paper should be allowed to warm up to 70°F prior to 
processing. 

NOTE: As has been emphasized before, consult the 
manufacturer's directions for specific handling and 
storage procedures. 

Exercises (647): 
1 . What is one feature found in a color en larger that 
is not found in a black-and-white enlarger?^Why? 



2. Is a Chromega a condenser or diffusion type 
enlarger? 
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TABLE 5-$ 
FINAL CHANGES IN FILTER PACK 



If Previous 
Print it Too: 


Amount of Change Desired 


very ojjf&i 


Slifht 


Considerable 


RED 


%aa nm _i_ ncv 


add 10M + 10Y 


add 20M + 20Y 


GREEN 


wwuiu u;m 


subtract 10M 


subtract 20M 


BLUB 


subtract 05Y 


subtract 10Y 


subtract 20Y 


CYAN ' 


subtract 05M + 05Y 


subtract 10M + 10Y 


subtract 20M + 20Y 


MAGENTA 


add05M 


add 10M 


add 20M 


YELLOW 


add05Y 


add 10Y 


add 20Y 


NOTE: Add 10 percent to the exposure time for each filler added. Subtrac 
filter removed 


t 10 percent for each 

231-70 1 



3. What is the largest size negative that can be 
handled by a D-4 Chromega? 



4. What focal length lens would you use when 
- enlarging 120 film? 



5. What mechanism controls' the raising and 
lowering of the Chromega's bellows? 



6. What is the purpose of a voltage stabilizer? Why 
is such a device important in color printing? 



7 What color of light is recorded and which dye is 
formed in each layer of color paper? - 



,8. A blue automobile on a color negative would be 
recorded in what layer(s) of cplor paper? 



9. Prior to using color paper, you should allow it to 
reach what temperature? 



648, State principles and explain techniques of 
color printing expocare. 



Exposure- Methods, You may expose color print 
paper by either of two methods: tricolor or white light 
The tricolor method requires three successive 
exposures through red, green, and blue filters. This 
"additive" exposure method necessitates perfect 
registration between the printer and the paper for each 
exposure. This is a dme-consuming method, though 
there are claims that this method produces the bjest 
color rendition. The white light or "subtract^ve" 
method requires a single exposure with appropriate 
color printing (CP) or color correction (CQ filters of 
cyan, magenta, and yellow mixing the right color 
quality for best results. This method is the one used b>* 
the Air Force. 

Trial and error exposure determination. (Kodak 
Ektacolor 37 RC paper is used as an example for this 
section. The principles involved can be applied to 
other types of paper. Be sure to read the necessary 
instrucdons that accompany the material you are 
using.) Ektacolor 37 R<? paper is balanced so that for 
an average Ektacplor S negative a starting filter pack 
of 50 M (magenta) and 70 Y (yellow) is uscd,!(If you 
would ad^cyari to this/pack you would only bej getting 
neutral density. ) y 

With the n%tivev%nd the starting filter pack in 
place (plus the standard CP2B filter which should be 
permanently installedabove the negative carrier), you 
make a test-strip series of four exposures at the same 
magnificadon that iiAo be used for the fipal print. 
Expose one strip for 10 seconds at 175.6; another for 
1 0 seconds at f/8; another for 1 0 seconds at fil 1 ; and a 
final one for 10 seconds at f/I6. By keeping the dme 
consistent, you will have little problem with 
reciprocity failure. Vou then process and dry the print 
according to directions. • 

The next step, is/to evaluate the test print. The light 
you use for viewing should be of the same quality as 
the light under which the final print is to be displayed. 
Judge the best exposure area for color bala/ite. (If all 
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temperature controlled sink. By using this method you 
can handle the prints by putting them into individual 
hangen or specially designed baskets. Normally when 
using the tank method you can employ nitrogen burst < 
agitation which is more consistent than hand agitation. 

In addition to air drying, you can use the newly 
designed dryers that are made to handle resin coated* 
paper. 

Another point to kcepJn mind is thafa color print 
should only be judged after it has dried. This is 
because there is a blue cast to the print until the 
stabilizer has dried. < 

You should also keep in mind that you can yse a 
Wratten 10 safelight (dark amber) during the exposure 
and -processing of Ekatocolor paper. The use of a 
safelight will help you in handling of materials. 

Exercise (649): 

1 Outline and explain the three basic steps in the 
Ektaprint 3 process. 



PRINTING 



237-36$ 




I 2 j ^ POSITIVE MATERIAL^ ^ i 




SILVER 
DEVELOPMENT 

OYE 
DEVELOPMENT 



silver an0 dye 
Development 



3? 

650. Complete statements on printing color 
negatives on Pinal ore paper. 

Panalure Paper. In order to give balanced 
monochromatic tonal rendition, a black-and-white 
print paper to bc-^sed for printing from color 
negatives requires an emulsion sensitive to all colors, 
Kodak Panalure paper has such a panchromatic 
emulsion. Prints made on Panalure have excellent 
rendition when compared with prints made on 
Kodabromide or Polycontrast type papers. Prints 
made on these latter two papers will result in the red 
areas looking unnaturally dark and the blues 
unnaturally light. - 

When exposing Panalure paper you can first make 
your test strip just as you would in regular black-and- 
white printing. Average times run around 5 to 10 
seconds. You may use a Wratten 10 safelight just like 
when you are color printing. Dodging and burning in 
can be accomplished with the use of appropriate color 
compensating filters. To lighten a color, use a filter of 
the color similar to that of the object in the scencTo 
darken, use a complementary color filter. 

Panalure is available in both glossy single weight 
and fine-grained lustre, doubly weight (for portraits). 
Panalure adds air extra dimension that should y jd^yi 
be considered and gives added reason to use color 
negative film for many jobs as the requestor can 
receive both color and black-and-white prints. 

Processing Panalure- Paper. You may develop 
Panalure in D-72, Dektol, Selectol, or Selectol-Soft 
developers. Use Selectol when lower contrast is 
desired. Selectol-Soft lowers contrast still further. You 
can vary the contrast approximately one full grade 
from the papers grade 2, by the developer selected, the 
dilution, and processing times. (You do riot control 
contrast by filters as you would with Polycontrast 
paper.) The following chart indicates 'the variations 
possible for developing Panalure. 



Devefoper 

D-27 

Dektol 

Selectol 

Seiectol-Soft 



Dilution 
1.2 
1-2 
1 ! 
U 



Processing Tune tn Minuta 
1 !0 3 * 
1 to 3 



Figure 5-16. Color print processing. 



After the development step, you will rinse,* fix, 
wash, and dry the prints exactly as you would any 
other prints on blaclc-and-white paper, 

Exercise (650): 

1. Complete the following statements on using 
Panalure paper. 

a, Panalure paper has a - 

emulsion. 



b. You can use a 



safelight when printing with Panalure. 
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of your exposures are way off then you should make 
another test) You must now decide what color is 
excessive and how excessive that color is. First of all, 
make a guess as to which color should be subdued. 
Then view the print with a 0.05 density filter of a 
complementary color. (Viewing filters are made by 
Kodak and other photographic suppliers. They come 
in the sixtasic colors and in a variety of densities. The 
filter sets come with instructions on how they are to 
be used.) If that improves the rendition of the print, 
you can then change your filter pack accordingly. If 
not, by viewing the print through different colored 
filter? of varying densities, you can get a good idea of 
what color(s) is/are out of balance. In this regard, 
consider table 5-6, using the following as a basis for 
evaluation: 

• Very slight— only a tinge of the color in excess. 

• Slight — more definite excess of the color. 

• Considerable — weakens other colors. 

• Great — overpowers other colors. 

Once you have decided on a new filter pack you 
make another print This print is then evaluated and 
further changes in the pack or exposure are made until 
the proper prinf is made. Color balance should be 
within 0.05 for best results. 

NOTE: With certain negatives it is impossible to get 
all the colors to be correct This is particularly true 
when complementary colors are both off. When this is 
the cose, make sure the most important color comes 
out right. For example, in portrait work the facial 
tones are very important. You can also dodge and 
burn the paint using color compensating filters. To 
lighten a color, use a filter of the same colon to 
darken, use a complementary color. 

The trial and error method is slow and uses up a 
great deal of materials. Yet this method is the basis for 
all color exposure methods. As you advance in your 
training you will learn how to use a densitometer 
(called off-easel evaluation) and a color analyzer (on- 
easel evaluation) to determine exposure and color 
packs. These two methods, however, requirediat you 
have ^established basic color packs from a standard 
negative which is similar in quality to the negative you 
are attempting to print. The basic color packs for any 
standard negative are established by trial and error. So 
by mastering trial and error you will find the other two 
methods sim'ple to learn. 

NOTE: Without going into great detail, let us $ay 
that a standard negative is a test negative shot under a 
given set of conditions. Normally a test negative is shot 
using the lab's portrait setup, another under daylight 
conditions, and a third using tungsten film in a copy 
setup. You can make as many standard negatives as 
you want using different types of color films and 
lighting. Each test shot normally includes a gray card 
and a color chart to provide a standard reference. You 
then establish what makes a good print using each of 
these negatives. Negatives exposed under a similar 
condition then can be compared with/ the appropriate 
standard negative. 



Exercises (648): 

1. Explain the difference between the additive and 
„ white light method of color print exposure. , 



2. What is thefnormal starting pack for printing voth 
Ektacolor 37 RC paper? 



3. What filter is always in place when you print? 



4. What filter pack changes (refers table 5-6) would 
you make if your print was 

a. very slightly blue? 

b. much too red? 

c. slightly yellow? 

d. very slightly cyan? 

e. considerable green? 



649* Outline and explain each step in color print 
processing. 

Processing Color Prints* Processing color print 
paper is similar to processing color negative film. The 
basic steps of development, bleach, and fixing are 
reviewed in figure 5-16. To be more specific, let us 
illustrate how Ektacolor 37 RC paper is processed in 
the new Ektaprint 3 chemistry. The specific times for 
each step will depend on the rpethod of processing. 
This is because different methods provide different 
rates of agitation. The effect of each step on the paper 
is the same as the effect on color film. 

NOTE: As has been said ihany times before, you 
must consult your appropriate data sheet for the 
paper/chemistry/^rocessing method that you are using. 

Tray Processing Tune* L . ; Temptramre . 

a. Developer 3 1/2 minutes/ .- v 88*F 

b. Bleach-fix 1 1/2 minutes * 88*F 
Remaining steps can be done, in normal room light 

c. Wash 2 minutes * " 88*F 

d. Stabilizer 2 minutes.- 88*F 

e. Air dry 

« •/ 

Mnchrtc i 20-ucoftd dmn time if) exft p/bceutnf tup. 

NOTE Between the developer and the bleach-fix, you can add a 
C22 stop bain step (1 minute at Sfe # F) and a wash (1 minute at 
88*F). These two steps help prevent streaks and excessive carryover 
of developer to the bieacc-fix. 

If you process by tray, it is a good idea to wear 
gloves because the color chemistry is toxic. Better than 
tray processing is using tanks which are placed into a 
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c. When using Kodabromide to print color 
negatives, the blues of xhe subject will print too 
and the reds will be too ■ 



d. Panalure's contrast is controlled by 
rather than using filters. 



e. Very low contrast development can be 
' achieved by using ■ 



5-8. Color Printing Filters 

As explained in the previous section, filter pack 
determination is vital in color printing. To emphasize 
this point, we will discuss the use of color printing 
filters, i « 

651. Complete statements regarding the description 
and application of color printing filters. 

Printing Filters. First, you should know that 
Kodak (for example) makes two types of filters for 
color printing purposes: 

a Color-compensating (CC) filters are made of 
-gelatin and are optically perfect to the extent that you 
may use them in the path of the image-forming light, if 
necessary, either between the negative and lens or 
below the l$ns. Color compensating filters are 
supplied in all six colors in a range of densities 
running from 0.05 through 0.50. (Density is measured 
in terms of the wavelength of maximum absorption.- 
For example, the density of a cyan filter is in terms of 
the amount of red light it absorbs. Normally, you will 
want to use the minimum number of filters that are 
necessary.) 

b. Color printing (CP) filters are made of acetate 
and are designed only for use between the negative and 
the light source. Color printing filters are not 
recommended for use in the path of image-forming 
light, since a loss of image sharpness and quality may 
result: CP filters are less expensive than CC filters and 
are available in yellow, magenta, cyan, and red in 
densities from 0.05 through 0.40. 

NOTE: Most modern color projection printers use 
color printing filters located in a specially designed 
head. These filters are quite durable and of very good 
quality. Nevertheless, filters of any type must be 
routinely checked for scratches, dirt or fade, and 
should be replaced as required. 

Filter PwAs. The combination of filters to be 
placed in the exposing light beam should always be the 
simplest pne possible. This better insures the sharpest 
possible image, the fastest printing times, and the 



eliminationfoTnSutral density. Neutral density is 
created when any two or all three additive primaries or 
all three subtractive primaries appear in the filter pack. 

You can simplify the determination of filter 
combinations by thinking of all filters in' terms of the 
subtractive colors (cyan, magenta, and yellow). Red is 
a combination of yellow and magenta; green is a 
combination of yellow and cyan; and blue is a 
combination of magenta and cyan. (Just like the color 
star!) You can use -the following operations when 
working with the subtractive color filters: 

1. If you are given values in the additive colors, 
they may be converted directly into the subtractive 
colors. For example, 20R = 20M + 2GY. 

-2. Values can be added or subtracted in normal 
arithmetic fashion. For example, 20M + 10M = 
30M. 

3. If the resulting filter combination contains all 
three subtractive colors, take out the neutral density by 
removing an equal amount of each color to bring cyan 
down io% For example, 20C -f 30M + SOY = OC 
+ 10M + 30Y. 

NOTE: Changes in filter packs will change the 
amount of your exposure. Charts supplied with the 
filters you are using will give you a number by which 
you can compute your new exposure with a change in 

filtration. _ , . Vux. . . nn 

Use of Filters In Dodging and Btirning-In. CC 
filters may be used to change the color balance in a 
local area of a print. To lighten a color you would use 
a color filter of the same color. For example, to lighten 
a blue shadow you would use a blue filter. To darken a 
color, you would use a complementary color, 
Remember to keep your filter moving during' the 
exposure to prevent the formation of a line. 

Exercise (651): 
, 1. Complete the following statements on the use of 
filters for color printing. 

a. Color compensating filters are made of 

and are . perfect. 



b. A 0.10 yellow filter absorbs 0.10 of . 
light. 



c. 



_ filters are made of 

v ~ acetate and are designed to be used between the 
negative and the light source. 



d. 30B is the same as . 



_and 
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e. A highlight that is too green can be lightened by 
dodging with a filter. 



5-9. Finish Color Materials 

Once transparencies or prints are processed they 
must be "finished." In the case of transparencies, they 
need to be mounted. Mounting techniques will be 
discussed in the next section. We will now point out 
techniques that are applicable to color prints. 

652. Complete statements on the tools and 
techniques of color print finishing. 

Finishing Color Prints. Often it is necessary to 
remove or eliminate minor stains, spots, or blemishes 
from color prints. Two techniques are sometimes used: 
etching and spotting. Etching refers to the physical 
removal of a portion of the emulsion from the print 
This technique which may remove dyes is not 
recommended. Spotting is the application of dye or the 
use of colored pencils to cover over a blemish. This 
method is routinely used. In addition, basic spotting 
techniques can be extended to larger areas to enhance 
the color balance of the print. Since spotting is 
important, we will go into some detail on the basic 
procedures that are involved. 

Dry-Dye Technique for Large Areas. Dry dye 
spotting makes use of Kodak Retouching Colors (or 
an equivalent). Retouching colors come in red, green, 
blue, cyan, magenta, yellow, orange, brown, and 
neutral, plus a jar of reducer. Using the dry dye 
technique with these colors will give you these 
advantages: You can experiment until you.achieve the 
desired effect without making it permanent, you can 
retouch glossy prints without loss of the gloss, and you* 
can cover large areas. 

Follow these techniques when using the dry dye 
technique: v 

1. The print should be clean and dry before 
spotting is ddne. 

2. To use, breathe on the cake of retouching color 
to be used. Pick up the dye by rubbing a tuft of dry 
cotton over the cake. Transfer the dye to the print 
using a circular motion over the area. 

3 To remove unwanted dye, breathe on a cake of 
reducer, and pick up a sufficient amount on a tuft of 
cotton and clean off the unwanted dye. The area 
should be buffed to achieve proper blending. Finally a 
tuft of clean cotton should be used to buff away any 
reducer. 

4. To make the dye permanent, subject the 
retouched area to steam for 5 to 10 seconds. Dye 
density can be increased by repeating the process of 
applying dye and steaming it. 

5. To remove steam set colors, use undiluted 
Kodak Photo-Flo 200 Solution. The solution is 
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applied and then within a minute it is completely 
swabbed off with fresh clean cotton that has been 
moistened with a 1:1 solution of water and Ektaprint 3 
Stabilizer. 

Wet-Brush Technique. The wet-brush technique 
uses the same Kodak Retouching Colors to spot very 
small areas. Use the following techniques to put tRe 
wet-brush method to work. 

1. Moisten the dye with a solution containing 
equal parts of water with Ektaprint 3 Stabilizer. 

2. Using a spotting brush, mix the desired dye or 
dyes'in a palette cup (or use a sheet of glass). 

3. Add a touch of neutral color to the dye mixture 
to reduce the brilliance of the pure color. 

4. Remove excess dye from the brush onto blotting 
paper. 

5. Spot-in the area, making sure that the dye is kept 
within the confines of the spot. 

6. If too much dye has been added, blot the area 
immediately with blotting paper. 

Black Spots. Black spots caused by pinholes can be 
corrected by applying white opaque to the spot. After 
the opaque dries you can then spot with colored 
pencils. 

Off-Color Areas. To correct an off-color area, 
using either the dry-dye or wet-brush technique, use 
the following colors: 

7b Correct (j se 

Red .....Cyan 

Green Magenta 

Blue Orange 

Purple Yellow 

NOTE; Notice that because you are working with 
pigment colors rather than colors of light the 
relationship between colors is different. . 

Preserving and Texturing. By now you have spent 
« several houfs of work in producing a top quality 
finished print. If the prints are to be continuously 
displayed or subjected to unusual or intermittent 
storage, they deserve to be'protected by a coating of 
lacquer. Lacquer does not guarantee protection 
against deterioration, but it does prolong the useful 
life of the print Additionally, you may use lacquer 
and lacquer-type products to obtain various texture 
finishes.' A few of the proven protective coatings are 
Getzel Type C Matte Lacquer, Marshall Pre-Color 
Spray, Flexichrome Print Lacquer, Pro-Texture, and 
' Pro-Tecta-Cote, Most lacquers can be applied directly 
to the print surface with a brush, but some are sold in 
pressurized spray cans? 

A variety of textures ranging from satin to brushed- 
oil can be obtained with the Pro-Texture preparations. 
These finishes, however, require spray-paint 
apparatus. A simpler method for texturing color prints 
is to emboss a texture on the print surface with an 
embossing screen, a variety of which are commercially 
available. 

Mounting Color prints. You can 'dry mount 



finished color' prints by the usual means used for 
black-and-white prints if the temperature of the press 
does not exceed 230° F. They can also be satisfactorily 
mounted with Kodak rapid mounting cement You 
should not use rubber cement or paste containing 
water (or penetrating solvents). 

Exercise (652): 
I. Complete statements on the tools and techniques 
of color print finishing. 

a. is not a recommended method for 

correcting print blemishes. * 



b. Dry dye is used to covet" a 



area. 



c. To remove dry dye you normally use . 



d. To make dry dyes permanent, you use , 
i 



e. Photo- Flo is used to remove dry dye color that 
has been . . 



' f. The wet brush technique is used to cover a 
area. 



g. Black spots on a print are caused by . 



h. To correct an off-color blue area, you would 
use , dye. 



i. When mounting a color print, you should not 
use a mounting temperature above 



5-10. Slide Mounting 

There are many methods of mounting slides, each 
with certain advantages and disadvantages. Slides may, 
for example, be mounted in cardboard, glass, plastic, 
and combinations of these materials. We will go over 
the basic types plus the use of a slide mounter. 



653* Complete statements on tbfc mounting of slides* 

Tape and Glass* Some of the first film clips to be 
mounted as slides were mounted between two pieces of 
glass taped on the edges to hold the sandwich together. 
This is the most time consuming and costly way to 
mount slides; however, so durable is this method that it 
is still practiced today, especially in larger lantern 
slides. When properly assembled, this type of slide will, 
survive an amazing amount of abuse short of glass 
breakage. Recently waterproof tapes have been 
developed which makes it possible to remove almost 
any type of surface contaminants this slide may 
**-eftdninter. 

Metal. With Glass* This type of mounting provides 
a high degree of protection and is generally less time 
consuming to assemble than tape and glass. Some 
mountings of this type are thicker than standard slide 
trays and may tend to jam or stick in automatic slide 
changers. Manufacturers of automatic changers have 
realized this fact and several have redesigned their 
equipment to accommodate this popular method of/ 
slide preparation. 

Plastic With Glass. This is the most popular glass 
mounted slide. It has the best features of the metal and 
glass type but costs less and is thinner. Some have less 
impact resistance than metal slides; and as is the case 
with all glass mounted slides, the tendency to form 
Newton Rings is present. 

Newton Rings. These are optical interference 
patterns that result when humidity causes a very slight 
irregular separation between two or more optically flat 
plane parallel surfaces. The pattern appears as a 
variable area of color similar to that seen on an oil 
slick or in a soap bubble. To eliminate this 
troublesome occurrence, the optical flats must be 
separated. This can be accomplished at great time loss 
by scrubbing the glass surface with scouring powder or 
at least time loss by dusting the film or glass with offset 
po\vder. When employing the offset powder 
technique, it is important to use a non-toxic, non- 
abrasive, inert powder, and a light touch. Stop Offset 
Spray Powder Grade No. 3 has proven to be very 
effective for this purpose. The light touch -is a matter of 
practicing the following technique. Dip a No. 1 artist's 
brush in the powder, shake excess off; then holding the 
tip of the brush about 6 inches above the glass and 
transparency matting surface, snap the brush sharply 
with the thumb and forefinger much as you would in 
shooting marbles. Practice makes perfect! Too much 
powder and the illustration becomes noticeably 
speckled. Too little and there are still Newton Rings. 

Cleaning Glass, Another problem common to aU 
glass mounting systems is cleaning the glass. This is 
time consuming and generally involves considerable 
hand labor. Glass washing machines have been devised 
but have not proven to be completely successful. The 
most dependable approach is to soak and wash glass in 
a cleansing solution, followed by clear water rinse. 
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You then dry with dust-free circulating air or lint-and- 
wax-free wiping towels. Various agents miy be used fn 
compounding the cleansing solution. Detergents of the 
type recommended for automatic dishwashers, 
ammonia with water, alcohol with water, and 
solutions of tri-sodium phosphate are excellent. Les^ 
desirable are glass cleaners containing wax and 
detergents with high wax content. Such cleaners impart 
a gloss that is very susceptible to abrasions when 
contacted with wiping towels. Abrasions of this type 
serve is dust collectors and impair the quality of the 
projected image. % 
Glassiest Mounts. Mounts made of plastic or 
cardboard are by far the most popular method of 
mounting 35-mm slides. They offer advantages such as 
lower cost, maximum adaptability to projection 
equipment, no glass breakage, no Newton Ring 
problems, and easier mounting. The principal 
disadvantage is the loss of some protection. The side 
surfaces of the film are susceptible to fingermarks and 
abrasions when given rough treatment. Under normal 
circumstances, where the entire slide set is protected in 
storage boxes or trays, the risk of surface damage is 




small. Because, the advantages outweigh the 
disadvantages, this has become the number one way to 
mount slides. Mounts of this type are supplied in 
several forms. Sonic typical constructions are as 
follows: 

1 . Hinged Type — Where the film clip is positioned 
in the center of the open mount, the top or hinged flap 
is brought down over the transparency and the three 
sides sealed. 

2. Two Part — Here the film clip is positioned on 
the bottom part, a top is placed over the transparency 
and sealed on all four sides. 

3. Insert Type— The mount is presealed on three 
sides where manufactured. The transparency is cut to 
size and inserted into slot on unsealed side of mount, 
which is then sealed. 

The Slide Mounting Press. The hand mounting 
methods that have been described are too slow for the 
heavy production schedules found in a majority of Air 
Force labs. Automatic and semi-automatic machines 
are available to ease the load.' 

The "Scary" Slide Mounting Press, shown in figure 
5-17, is a semi-automatic, electrically operated sealer 
and press. Assembled slides are fed into the slide 
mounting slot in the platen at the top of the press. The 
press closes automatically, heats and seals the slide 
mount during a short, electrically timed interval, then 
opens for the next slide. Finished slides drop down a 
chute to form a neat stack. Closing, pressure control 
timing, stacking, and heat controls are automatic. The 
operator, however, must have cut each individual slide 
from the roll and placed it into the cardboard mount. 



Exercise (653); 

1. Complete the following statements on the 
mounting of slides. 

a. The most durable slide mount is made with a 
combination of and 



b. All glass mounts may suffer from 



c. When cleaning glass for slide mounts, you 

should not use a cleaner that has a high 

content. 



d. A 



is essential for high 



\ production slide mounting operations. 



Figure 5-17. "Seary" model HI slide mounting pres*. 
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CHAPTER « 




-Photographic Quality Control 



QUALITY CONTROL* has one purpose— the 
betterment of the end product. Quality control can be 
applied to a portion of the system or to the entire 
system. In this chapter we emphasize the quality 
control checks you can perform on your photographic 
chemisUy. Applying the tools of chemical analysis and 
/ sensitometry can better insure that you obtain 
consistent quality results. Although we emphasize 
black-and-white chemistry, the same principles apply 
to your color work' 

6*1. Observing Laboratory Cleanliness 

Quality control begins with laboratory cleanliness. 
If you feel that' laboratory cleanliness is not important, 
ask yourself whether or not you would want a doctor 
to operate on you with a dirty scalpel, whether you 
would want a service station attendant to put into your 
automobile gasoline that was full of dirt, or whether 
you would want a furniture repairman to polish a fine 
piece of your furniture with a greasy polishing rag. Of 
course you wouldn't Neither would you w^nt to work 
in a dirty laboratory. All the care you ratfy employ in 
processing is totally wasted if your solutions are 
contaminated with foreign particles which adhere to 
the surface of the film. What good is film if it has a 
full-length scratch caused by a chemical deposit on a 
processor roller? The purpose of laboratory 
cleanliness is to prevent a loss of quality fromr 
conditions in the laboratory. 

t 

654. State principles and techniques of laboratory 
cleanliness. 

If any degree of quality control is to be maintained, 
regular laboratory cleanup is a must The cleanup 
should involve far more than just sweeping the floor. 
The entire floor area should be, mopped — once with 
hot, soapy water; .again with clear clean water, and 
then a third time with a dry mop to remove any water 
left on the floor. Check all corners or any other places 
where dirt may collect. 

You can be sure that if there is dirt on the floor, 
there will be dirt and dust in the air. Airborne dirt and 
dust somehow find their way to the surface of your 
film and cause defects. With thfc in mind, make it a 



special point to clean any area where dirt or dust may t 
collect. Wipe ledges, window sills, etc., with a clean, 
damp sponge. Rinse your sponge frequently, since a 
dirty sponge deposits residue that, when dry, becomes 
airborne again. 

Processing machines, printers, and any other 
equipment should be wiped down daily to prevent 
accumulation of dust or chemicals. When cleaning the 
equipment, pay particular attention to any point where 
the film may come in contact with any abrasive type of 
material. Rollers should be cleaned to prevent 
chemical buildup which can scratch or, in extreme 
cases, tear film. 

Film loading rooms should be kept as clean as 
possible to prevent foreign matter from becoming 
imbedded in the film before shooting or processing. 

You can greatly increase laboratory cleanliness by 
being careful in y$ur day-to-day duties. Be careful not 
to spill chemicals ont the equipment o/on yourself. If 
you should spill chemicals, clean them as soon as 
possible to prevent their being carried to other 
portions of the lab. If spilled chemicals are left to dry 
on the floor, they revert, to their original powdery 
form. As you walk back and forth, you stir these 
chemicals, they become airborne, and eventually fall 
back and cover all flat places. 

\yhen you have done\as much as you can to 
maintain the Cleanliness of a laboratory, you are on the 
right road to good quality control. Even so, chemicals, 
dust, and lint can still be a problem. Therefore, you 
must employ visual examination as a check bn 
cleanliness. 

Exercises (654): 

1 . How should a floor be mopped to insure proper 
cleanliness? 



2. 'Why should you pay particular attention to; 
processing machine rollers? J 

j 

3. Why should you clean spills as they occur? 
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64. Haatilaf mmI Scoriae Cke*icals and 
SotatkM 

Chemicals and solutions must be properly stored to 
insure proper keeping and safety. In this section we 
briefly discuss the handling and storage of chemicals. 



455. Complete statements oa tke proper kaadling 
nwi storage of dwmicah aad solatia*. 

Most chemicals deteriorate if they are exposed to 
air, moisture, or excessive heat. ^Therefore; you should 
store bulk or packaged chemicals in a coolrilry room. - 
In addition, the chemicals should 6e stored in a 
section that is removed from the sensitized materials. 

Certain chemicals, such as mercuric chloride, are 
highly poisonous and should be in allocked cabinet. 
Each chemical should be clearly labeled. When certain 
chemicals are stored together, there is a danger that 
through breakage they may be mixed. For example, a 
combination of sulfuric acid and ^tassium 
fcrrocyanide can produce lethal cyanide gas. Such 
chemicals should be stored on a lower shelf to reduce 
the chance of breakage. 

Handling and storing processing solutions present 
numerous problems, most of which are directly 
attributable to the chemicals they contain. For 
example, most stock developer solutions have good 
keeping qualities when stored in tightly corked bottles. 
/ A partly filled jug, however, contains a good deal of 
air, which causes the developer to oxidiz^. Hence, it is 
a better practice to *store stock solutions in several 
small jugs rather than in one large one. Thejioilte 
contents of one jug can be used, leaving t^t^ainitj^K^^ 
jugs for future trie. < ' . 

Developers stored in tanks should be covered by a, 
floating lid made either of wood or plastic. After 
removing the lid, the surface of the developer should 
be skimmed with a clean blotter to remove any crust 
before the developer is used. 

Fixing baths generally have excellent keeping 
qualities, and you may store them in large tanks 
provided with covers to keep out dust dnd dirt On the 
other hand, you must store the acid solutions used for 
stop baths or bleaches in tightly stoppered, acid- 
resistant containers. Whenever possible, when storing 
acid solutions, use glass or crockery jugs with rubber 
or glass stoppers. These containers and stoppers have 
been proven best for this purpose. Like toxic 
chemicals, acids are best stored on the lower shelf of 
the storage cabinet or on the floor. One final 
reminder— be sure that all of. your mixed solutions, 
like your bulk or packaged chemicals, are clearly and 
properly labeled. 

Remember! the need for proper handling 
procedures. Chemical mix personnel should wear 
rubber gloves, aprons, and facejnasks when handling 
chemicals for storage as welk?Js mixing. Since many, 
chemicals can cause irritation to the skin or nasal 



passages, all photographic workers should keep 
chemical safety constantly in mind. 

Exercise (655): . 

1. Complete the following statements on the 
handling and securing of chemicals, 
a. Chemicals deteriorate when exposed to 
, - and . 



b. A combination of sulfuric acid and potassium 
ferro-cyanide produces 



c. Air will cause a solution to 



d. Acids are best stored close to the 



safety should always be observed 



by photographic workers. 



6*3. Employ Visual "Evaluation 

While it is not truly scientific, visual examination 
can greatly improve the quality of your work. By 
checking your negatives, slides and prints for proper 
density, contrast, and absence of defects, you can 
identify what you are doing right and where your 
problems are coming from. Remember, if you can't 
look at your d*vn work and take pride in it, you can't 
expect the requestor to think much of it either. 

656, Given a list of print or negative defects, 
identify the cause of each one. 

Visual Examination, The key to visual 
examination is to have an appropriate check list and a 
.consistent viewing standard. For example, you may 
develop a list that covers density, contrast, sharpness, 
and mechanical (pinholes, scratches, etc.) and 
chemical (stains, etc.) defects. You then follow a 
consistent viewing pattern. You should always look at 
your negatives, slides, or prints, using the same light 
table or viewing light, etc. Only in this way can you 
have a consistent basis for making a judgment. 

NOTE: In this regard it is a good idea to use a 
photo lamp to magnify your negatives and 'slides to 
spot defects that will show up in. printing or in 
projection. 

What to Look For, First you should look at the 
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density of the product. Too much exposure produces 
negatives that are too dense, prints that are muddy, and 
slides that are thin. Too little exposure leads to thin 
negatives and prints and saturated slides. How about 
the contrast? There should be detail in both the 
highlights and shadows unless you are going for a 
special effect Negative contrast is a product of 
development, so if your negatives are too contrasty you , 
might need to cut your development time. If they are 
too thin> you must increase the development timS. The 
contrast of prints, can be altered through choice of 
paper grade, filter, or. to a limited degree, 
development. Slides, unfortunately, can only be . 
corrected by copying, which normally results in a 
product that is slightly inferior to the original. 
Sharpness is a product primarily of your focusing. It is 
too late if your negatives or slides are off. If you have a 
soft print, you can reprint. Consistently soft results 
should cause you, to check your equipment or your 
techflique^Finally, there are innumerable mechanical 
or chemical defects caused by defective cameras, 
accessories, improper handling, or contaminated 
chemicalfc^fhe following are a sampling of what you 
might encounter: C' * 

cl Thinitiagf appears hazy and lacking in contrast.^ 
U) The sun was shining into the lens. Remember, 
it \% necessary to protect the lens from the direct rays of 
the sun when you take a photograph against the light. 
Li^ht striking the lens causes a hazy, indistinct image. 
Sometimes, bright light striking the lens produces large 
circles which partially obscure the image. 

(2) Your lens 9 is dirty. Many times, dust or 
condensed water vapor on the lens results tn hazy, 
pictures. Remember to clean your camera lenses 
frequently. e 

(3) Overexposure. 

(4) The negative is fogged. 

b. You observe small transparent and irregularly » 
shaped spots. This is often caused by dust settling on 
the film before the exposure. It can be corrected by 
cleaning the camera interior and by loading the film in 
a clean environment. 

c. Small circular transparent spots or air/Gefls — 
these are produced by small air bubbles on the surface 
of the film during development. This problem can be 
taken care of by proper agitation. * 

d. When a negative emulsion has a wrinkled 
appearance (reticulation) — this is produced by an 
abrupt or sudden swelling or contraction. of the film. 
Sharp differences, in the temperatures of successive 
processing solutions and/or insufficient hardening of 
the gelatin are the usual causes of reticulation. 

° e. The image is not sharp. . ^ 

(1) The subject moved. If this is (he case, -any 
stationary objects included in the picture will be sharp, 
assuming that they are in focus. Lack of sharpness will ' 
be confined to the parts that were in motion at the time 
of exposure. 

(2) The camera moved. If this is the case, there is a 
general blurring of the image. Sometimes, you will 



observe double lines made by the subject Remember 
that the average photographer qannot hold the camera 
perfectly still for ah exposure longer than 1 /30 second. 

(3) The subject is not in focus. If other pahs or 
objects of your negative are sharply defined, while 
objects at other distances arepot sharp, the camera was 
'not set for the proper distance. You made an error in 
using the rangefinder, focusing on the ground glass, or 
selecting the correct distance on the distance, scale. , 

f. Dense areas of varying width along the edge of 
the negative— this condition is produced on roll film 
when the film is not tightly wound upon loading or 
removal from the camera. ■ - ' * * 

g. The image on your negative is partially a 
positive. This is due to reversal of the imag? and is 
sometimes caused by hypo in the developer, fylore 
often, it is the result of a brief exposure to light during , 
devglopmenf. 

. h. A yellow stain appearing after the negative is 
.dry— this may be caused by insufficient fixation or the 
use of an exhausted fixing bath and discolor upon . 
exposure to light. Small yellow or brownish spots arp 
...due to air bubbles dn the film during fixing. 

«. Pink.^tains are due to traces of the dye applied to 
the back of certain films for the purpose of preventing 
halation^The .stains can often be removed by placing 
^hc-frffifin a 5-percent solution of sodium sulfite after 
washing. Th£ film should then be returned to the wash 
* for an additional 5 or 10 minutes. If the negative is 
dry, it should be allowed to soak in water for 1 0 to IS 
. minutes before being placed in the sodium sulfite 
solution. 1 * 

J. Blisters or, circular pits in* the emulsion when 
viewed from the surface — the blisters may be produced 
by concentrated developing solutions, developer or 
fixing solutions which are too wann, insufficient 
rinsing between developing and fixing, or an old or 
jncorrectly compounded solution. 

k. Grayish whites bver the entire print are usually 
caused by chemicals or light fog. They also may be 
caused by insufficient potassium bromide in the 
developer, too long a development time, or the use of 
outdated paper. 

/. A grayish- mottled or granulated appearance of 
the edges #or entire print i*s usually caused by 
underexposure anH forced' development. This effect 
may also be caused by using outdated paper. Moisture 
within the paper qr exposure to chemical fumes, such 
as .ammonia, can also produce this effect. 

A purple discoloration of foe print is caused by 



m. 



lack of agitation in an acid stop bath. 4 . & , 
% jx. Whfte dep9$its over the entire surface of a print 
are caused by milky hypo baths and incorrectly mixed 
or impure chemicals. * 

NOTE: The above is\not an inclusive list of 
negative and print defects. Most manufacturer's of 
photbgraphic materials and chemicals have* charts, 
listing defects and their causes. Such lists are very 
helpful as you strive to produce top quality work. 



Exercise (656): 

1. Identify the cause of the following defects, 
a. Thin slides. * 



b. Muddy prints. 



c. Hazy negatives. 



d. Negative has wrinkled appearance. 



e. Negative is partially positive. 



f. Small yellow or brownish spots on the film. 



g> Grayish whites on your print 
h. Purple discoloration to the print. 



6-4- *pH Content 

Determination of pH indicates the acidity, 
neutrality or alkalinity of a solution. The pH strength 
of a solution is an indication of its strength and 
consequently its activity. Different photographic 
solutions air vdesigned to operate best at a certain 
range of pH values. By measuring the pH of the 
solution you can assure that your 'chemistry will 
perform properly. 

657. Definition of pH. 

What is pH? The,pH value is the logarithm of the 
reciprocal of the hydrogen ion (H 4 *) concentration in 
a solution. The value of the pH of a given solution, 
expressed in mathematical form, is as follows. 

pH - ^oiioCH*) 

On a pH scale the values run from 0 to 14. 7 
represents the pH of pure water. Values greater than 7 
indicate jtfce degree of alkalinity. The numbers less 
than 7 indicate an acid. The relative strength of acids 
and alkalies changes ten tunes for each unit change in 



pR Thus, compared with a solution of 6, a solution 5 
is ten times stronger, solution of pH 4 is a hundred 
oimes as strong, and a pH 3 would be a thousand times 
stronger than a pH of 6. 

Exercise (657): 

1. Define pH in terms of mathematics and in terms 
of the pH scale. 



658, Explain the importance of pH in determining 
the quality of different photographic solutions. 

Wby 'pH is important. To learn the importance of 
pH in photographic solutions, you must know how pH 
affects each of the individual solutions involved in the 
photographic process. So now let's go into pH as. it 
applies to different photographic solutions. 

Developer pH. The range' of pH for practical 
development varies with the nature of each individual 
developing agent used in each developing solution. 
Organic developing agents, in general, do not function 
at ^practical rate of speed unless they are in an 
alkaline solution. However, a few organic agents — for 
example, Amidol— differ from the average organic 
agents and can develop at a reasonable rate even in a 
slightly acid solution. Certain other developing agents 
function over a wide range of pH values. The 
manufacturer supplies data as to the best pH strength 
for proper use. This value may vary with different rates 
of dilution. The point to remember is that if the 
developer is too strong, it may cause damage to the 
film or too much contrast if you process at your 
normal times. Conversely, if the solution strength is 
too weak, you will not have adequate contrast By 
knowing the pH of your solution you can predict the 
degree of development you will be getting. 

Fixing bath pH. The time that elapses before tfie 
fixing bath begins to deteriorate depends largely upon 
the pH of the fixing bath. In practice, the thiosulfate 
fixing bath with potassium alum as a harderting ag£nt 
is normally used at a pH above 4 andM?elow 6. 
However, when chrome alum is used as the hardening 
agent, the pH is usually held to a range of from about 3 
to 4. 

Potassium alum is normally used as the hardening 
agent in fixing baths. The hardening produced is 
dependent not only upon the concentration of the 
potassium alum but also upon the pH of the solution 
Starting at a pH value of about 3.5 and working 
upward, the hardening action increases. Hardening 
action reaches its peak at a pH value of about 5.0. 
Beyond this peak, the action decreases very rapidly 
until it becomes almost negligible at a pH value of 
about 6.0. Little, if any, hardening action takes place 
when the solution becomes neutral or alkalin^ 

factors must be considered when you want to 
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TABLE 6-1 
IS THE TRANSITION OR END POINT 



<pH INDICATORS 



P H 



10 



11 12 13 24 
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Preparation 



Methntl Yellow 



- ft- T 



Yello 



.01 % <n water 



Mcth)l ViQlct 



- Y.G.B. -T 



Violet 



Methyl Oranj c -P»nX Red- T 



Oranje 



M. £. P. (E.O. X. J - Green T 



,01 V .05 % »n water* 



. 01*"£ »n wate 



ready to uic 



Bromcrtiol Green 



Green - T Yellow 



Yellow ----(Ty 



Red 



T -Porple 



Litmui 



• T Blue 



Phenolphthalem 



-Colorless T Red 



ready to use 



.01 £ *n water 



in paper form 



. 05 | »n 50cc alcohol 
i 50cc water 



--- Yellow T 



Red 



-^T^P^rplc 



Clayton Yellow 



Yellow - T - Amber < 



.01 * »n water 



.01 \ in water 



determine the correct pH of the fixing bath. If the pH 
is decreased to any extent beyond the optimum limit 
for ideal hardening, there is a great possibility of 
emulsion damage. In addition, the low pH makes the 
task of washing the fixing byproduct out of thfe 
emulsion more difficult Yet, if the pH u\oJiigh, the 
emulsion is subject to damage and staining, and the 
hardening agents tend to sludge out of jhe fixing 
solution. 

Carryover of developer into the fixing bath tends to 
increase the alkalinity of the fixing bath as it is being 
used; thus, there is a tendency for a rise in the pH. 
Normally, however, the fixing solution is buffered 
against this increase in pH by acetic acid, sodium 
bisulfite, and/or boric acid that is contained in the 
fixing bath formula. 

Wash water pH The rate of washing depends, to 
some extent, upon the pH of the wash water as well as 
upon the composition and the pH of the fixing bath. A 
pH slightly above 7 tends to increase the rate of 
washing. When you are washing filp, whichlfes been 
adequately fixed and partially washed, treatment of the 
film with a 0.03 to 0.3 percent solution of ammonia 
for a few minutes appreciable decreases the subsequent 
washing ume. The same result is sometimes achieved 
by continuous, controlled addition of ammonia to the 
wash water. 

Exercises (658): 
1 . Why must the pH of a developer meet established 
standards for a good result? 



What effect does the pH of a fixing bath have on 
the hardening qualities of a fixing bath 9 



3. A slight increase in the pH of your wash water will 
• have what result? 



659. State principles and techniques in determining 
pH. 

Determining pH« The preferred pH for a given 
solution is determined from such guidelines as have 
been previously expressed, as well as by the careful 
analysis of the photographic solutions and of the 
photographic product which is made under variations 
of pH. The pH of a given solution becomes a standard 
to test the adequacy of a solution prior to use- 
Methods of Determining pH. There are two 
common methods of determining the pH of a solution* 
(1) through the use of various pH indicators, and (2) 
the use of a pH meter. We will discuss the use of 
indicators presently and the operation of a pH meter 
in the next section. 

Using the Common Indicators. The common 
indicators change color under different levels of 

solution pH. TablHkf shows s 0 ™* of * c common 
indicators. These indHbtors will tell you specific pH 
values, but none of tne indicatory by themselves can 
indicate values over the entire range. Only one of those 
shown it) table 1— Alizarin— goes through two widely 
separated transition points. If the proximity of the pH 
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is known, the use of one or two indicators will closely 
pinpoint the pH; but if the approximate pH is not 
known, it is necessary to use various indicators until 
the approximate pH value is isolated by a transition. 

It will be easier for you to understand the various 
pH indicators if we consider just two specific 
examples: litmus paper and the solution, 
phenolphthaiein. 

Notice, in table 6-1, that litmus paper has a 
transition point (or end point) shown by the letter T 
at a pH of 7. Litmus paper comes in two colors: blue 
litmus, which changes to red when in an acid solution; 
and red litmus, which turns blue in an alkaline 
solution. The litmus test is not infallible, since it 
cannot detect acids or bases near the pH value of 7. 
Normally, however, litmus can be used to determine 
whether a solution is an acid or an alkaline. 

Phenolphthaiein solution is colorless in a solution 
having a pH of less than 9. The pH value of 9 is the 



transition point, or the end point If the solution ' 
exceeds a pH of 9, the phenolphthaiein solution 
imparts a reddish appearance to the solution. Thus, 
phenolphthaiein indicates whether a solution is above 
or below a pH of 9. 

Exercises (659): 

1 . What is the function of red and blue litmus paper? 

2. What are the two transition points of Alizarin? 



3. Phenolphthaiein will have what color in a solution 
with a pH of 10? 
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4. In a solution with a pH of 2, methyl violet will 
turn to what color? 



660. Complete statements which explain the 
operation of a pH meter. 

pH Meters. Measurement of pH with the pH meter 
ts accomplished by determining the potential 
developed by an electrical cell. This cell consists of 
two electrodes, a glass electrode and a reference 
electrode, immersed m a test solution. (Note fig. 6- 1 .) 

Reference electrode' The purpose of the reference 
electrode is to provide a constant reference voltage to 
permit measurement of the potential at the glass 
electrode. The reference electrode is filled with a 
saturated solution of potassium chloride (KCL). The 
constant voltage is supplied by this KCL. A small, but 
constant, flow of KCL solution is maintained through 
a liquid junction in the up of the reference eiearode. 
The KCL solution forms a conductive salt bridge 
between the two electrodes. 

Glass electrode. The basic purpose of the glass 
electrode is to measure the hydrogen-ion 
concentration of the sample. The electrical potential 
developed at the glass eiearode is proportional to the 
pH of the solution. The measurement of the electrical 
potential, developed at the glass electrode, is 
accomplished with the pH meter. The potential may be 
read direaly either in pH units or millivolts. 

For other types .of electrochemical-potential 
measurement, such as oxidauon reduction, a metallic 
electrode is substituted for the glass eiearode and the 
readout is in millivolts. Do not use metal type electrodes 
for determ in ing pH of developers. 

Buffer Buffer solutions are used to standardize pH 
meters to known pH values. There are normally three 
types of buffers, used with different pH values' 4, 7. 
and 9. The exaa pH of each of these three buffers is 



pH - 


TEMPERATURE TABLE 




The buffer powder in this p*ek*gt when dissolved in 


500 ml of distilled vrtter, will oivt a buffer solution 


(accurate to +0.01 pH) of the following: 




•C pH 


•C pH 


•c 


PH 


0 9.46 


25 9.18 


60 


8.96 


5 9.39 


30 9.14 


70 


8.92 


- 10 9.33 


35 9,10 


80 


838 


,15 9.27 


40 9.07 


90 


835 


20 9.22 


50 9.01 


95 


833 


These values based on complete thermal equilibrium 


of electrodes and buffer. 
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Figure 6-2. Temperature compensation able. 



listed on the bottle or the Temperature Compensation 
Table (fig. 6-2). For accuracy, always select the buffer 
value that would correspond closest to the pH of the 
solution being tested. Example: When testing 
developers, use buffer 9; and with fixing baths, use 4. 
When the test solution is unknown, use buffer 7; or a 
quick check with litmus paper will indicate whether it 
is acid or alkali. A determination with litmus paper is 
normally preferred. 

As an example of a pH meter, let us briefly discuss 
the operation of the Beckman Expandomatic pH 
meter. (See fig. 6-3.) 

The Beckman Expandomatic pH Meter. The 
Beckman Expandomatic pH meter operates on ac 
power of fl 5 volts. The pH range of this meter is from 
0 to 14 and with accuracy of .05. Pushbutton 
operation permits simple and rapid measurements. 
Electrical circuit features automatic correction of zero 
drift once each second. 

Manual temperature compensation throughout 0 to 
100°C range is made by means of ,a single, 
continuously-variable control. Automatic temperature 
compensation is accomplished by connecting a 
Beckman Thermocompensator to the terminals on the 
Expandomatic back panel. Either mode of 
temperature compensation is selected with a 
pushbutton. Always be sure that this p}i meter is 
grounded. 

The following are the operational procedures 
covering the Expandomatic. 

1. Operating Controls. All of the controls 
regularly employed in operating the instrument are 
arranged on the front panel. Six of the controls are 
pushbutton switches that provide convenience and 
rapidity in measurements. These switches are mounted 
in pairs, with the appropriate ones linked 
mechanically for proper interaction. In addition to the 
controls on the front panel, a Thermocompensator 
Switch is mounted on the terminal board at the rear of 
the instrument. A brief functional description of each 
control is listed below. 

a. METER ADJUSTMENT CONTROL— Sets 
mechanical zero of meter. 

b. TEMPERATURE COMPENSATOR 
CONTROL— Varies circuit gain to follow change of 
pH-millivolt span with sample temperature. 

c. STANDBY PUSHBUTTON — Electrically 
disconnects glass electrode to prevent polarizing it and 
to prevent violent meter displacement when electrodes 
are removed from solution. 

d pH PUSHBUTTON— Switches in circuit for pH 
measurements. 

e +MV PUSHBUTTON— Selects circuit for 
millivolt measurements so that values on right-hand 
side of zero-millivolt point on scale are positive. 

/ -MV PUSHBUTTON— Selects circuit for 
millivolt measurements so that values on right-hand 
side of zero-millivolt point on scale are negative. 

g. STANDARD SCALE PUSHBUTTON— 
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METER ADJUSTMENT CONTROL- SETS MECHANICAL ZERO OF METER, 

TEMPERATURE COMPENSATOR CONTROL- VARIES CIRCUIT GAIN TO FOLLOW CHANGE OF 
pH-MJLUVOLT SPAN WITH SAMPLE TEMPERATURE. 

STANDBY PUSHBUTTON- ELECTA ICXifS* DISCONNECTS GLASS ELECTRODE TO PREVENT 
POLARIZING IT AND TO PREVENT VIOLENT METER DISPLACEMENT WHEN ELECTRODES 
ARE REMOVED FROM SOLUTION. £ 

pH PUSHBUTTON- SWITCHES IN CIRCUIT FOR pH MEASUREMENTS. 

♦**V PyBHBUTTpN- SELECTS CIRCUIT FOR MILLIVOLT MEASUREMENTS SO THAT VALUES 
Oft RK3WT— HAND SIDE OF ZERO-MILLIVOLT POINT ON SCALE ARE POSITIVE. 

-**V PUSHBUTTON- SELECTS CIRCUIT FOR MILUVOLT MEASUREMENTS SO THAT VALUES 
OH RIGHT-HAND SIDE OF ZERO-MILUVOLT POINT ON SCALE ARE NEGATIVE. 

STANDARD SCALE PUSHBUTTON- SWITCHES IN CIRCUIT FOR SPAN COVERING 
0 TO *4 pH AND 0 TO t 1400 MV ON STANDARD SCALE. 

EXPANDED SCALE PUSHBUTTON- INCREASE CIRCUIT SENSITIVITY SEVENFOLD 
OVER STANDARD SCALE TO PERMIT READINGS ON EXPANDED SCALE. 

STANDARDIZE CONTROL*- PROVIDES VARIABLE POTENTIAL OF UP TO 1300 MV TO 
STANDARDIZE ELECTRODE SYSTEM AND TO SET DESIRED ZERO POSITION FOR SCALE 
SHIFTING. 



Figure 6*3.<^xpandomatic pH meter operating controls. 
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Switches in circuit for span covering 0 to 14 pH and 0 
to ± 1400 mv on standard scale. - 

h. EXPANDED SCALE PUSHBUTTON— 
Increases circuit sensitivity sevenfold over standard 
scale to permit readings on expanded scales. 

i. STANDARDIZE CONTROL— Provides 
variable potential of up to 1300 mv to standardize 
electrode system and to set desired zero position for 
scale shifting. _ 

THERMOCOMPENSATOR SWITCH— 
Selects circuit for manual or automatic temperature 
' compensation in pH measurements. (On back of 
instrument.) 

2. Measurement of pH. A precise pH measurement 
of an unknown sample actually involves two 
measurements. The first measurement is of a buffer 
solution, the pH of which is known precisely at any 
given temperature, for the purpose of establishing a 
point of reference. The second measurement is of the 
sample, with the pH value given relative to the buffer. 
If the instrument is equipped with a 
thermocompensator (Thermocompensator Switch on 
Auto), references to setting of the Temperature 
Compensator Control may be disregarded in the 
following procedures: 

3. Electrode Standardization. The following steps 
cover the standardization procedure: 

cl Depress StandJaysPushbutton. 

b. Pour buffer «Uition into small beaker to depth 
of about one inch. ?V 

c. Uncover filling* hole of reference electrode. 
Checkuhe level of the electrolyte solution in electrode. 
For maximum stability the tip of the new glaSs 
electrode must be soaked for several hours before use. 

d Rinse electrode and laboratory thermometer tips 
in distilled water and, with laboratory tissue, blot off 
excess *water. 

e. Note temperature of buffer solution, set 
Temperature Compensator Control at that tem- 
perature, and turn Thermocompensator Switch to 
MANUAL. 

/ Immerse tips of electrodes in buffer Solution by 
positioning electrode clip on support ,rod. 

g. Depress pH Pushbutton and Standard 
Pushbutton. Allow about one minute for reading to 
stabilize. If Thermocompensator is used, it may take 
up to five minutes to stabilize. 

h. Adjust Standardize Control until meter reading 
corresponds with pH of buffer at temperature 
measured in step e. A temperature-correction table is 
on each Beckman Buffer Solution container. If 
instrument is being standardized with\he expanded 
scale, designate three zero positions on scale as 
appropriate numbers that will include pH values of 
buffer and sample solutions* and set Range Indicator 
at 2-pH span included on expanded scale. 

/. Depress Standby Pushbutton. 
' Remove electrodes from buffer solution, rinse 
their tips in distilled water and, with laboratory tissue, 



blot off excess water. Proceed with pH measurement as 
described in the following paragraphs. 

4. pH Meaurements. Standardize instrument with 
proper buffer solution as described in previous 
paragraph. 

cl Depress Standby Pushbutton. 
\J>. Rinse thermometer and electrode tips in distilled 
Water and, with laboratory tissue, blot off excess water 

c. Immerse tips of thermometer and electrodes in 
sample solution. 

d. Set Temperature Compensator Control at 
temperature of sample solution. 

tf. Depress Standard Scale Pushbutton. 

/ Depress pH Pushbutton. 

g. Read pH value of sample on standard scale. 

5. Expanded Scale pH Measurements. Standardize 
the instrument with proper buffer solution as 
described in previous paragraph. 

cl Depress Standby Pushbutton. 

b. Rinse thermometer and electrodes in distilled 
water and, with laboratory tissue, blot off excess water. 

c. Immerse tips of thermometer and electrodes in 
sample solution. 

d. Set Temperature Compensator Control at 
temperature of sample solution. If expanded scaje is 
set to other than 6 to 8 pH range, sample-solutipn 
must be same as temperature of buffer used to 
standardize instrument. 

e. Depress Expanded Scale Pushbutton. 
/ Depress pH Pushbutton. 

g. Read pH value of sample on expanded scale. 

NOTE. WHEN TAKING A METER READING, 
ALWAYS OBSERVE THE NEEDLE SO THAT IT 
COVERS ITS OWN REFLECTION IN THE 
SCALE MIRROR; PARALLAX WILL CAUSE AN 
INACCURATE READING. 

Factors that influence accurate readings. To insure 
top quality results when making pH meter readings, 
consider the following factors: 

1. Electrodes are very fragile; never let the tips ' 
"touch' the bottom of the beaker 

2. Never remove electrodes from solution if the 
READ or pH PUSHBUTTON is depressed. 

3. -Keep electrodes clean — rinse them with de- 
ionized water, and blot excess water with chemically 
inert absorbent tissue before immersing them in the 
buffer or sample. Contaminated electrodes will cause 
drifting in the pH readings. 

4. The filling hole on the reference electrode 
should always be covered when not in use. 

5. Always ched^tt level of the KCL in the 
reference electrode; if not full, bring it back up to the 
correct level. . 

6. Always leave the tips of the electrodes immersed 
in de-ionized water or a buffer of 7 when not in use 

7. Check the, Buffer Temperature Table to insure 
the corral pH of the buffer solution. * 

8. Do not stir the buffer or test solution- with 
electrodes in the beaJjpf. 
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9^The pH of any given formula will vary 
somfewhat from one contactor lot to another, and each 
ltforatory will have to make a series of readings from 
each solution that is to be checked. 

i 

Exercise (660): 

I. Complete statements on the operation of a pH 
meter. 

a. The purpose of the 

provide constant voltage. 



electrode is to 



b. The reference electrode is filled with . 



c. The 



electrode measures the hydrogen 



concentration of the sample. 



d. solutions are used to standardize a pH 



meter. 



e. A buffer of is used to standardize the 

pH meter for checking a developer. 



f. A buffer of 4 is used to standardize the pH 
meter for checking an solution: 



g. When cleaning an electrode, the meter should 
be in . 



h. In determining pH, your first measurement is 
of the solution. 



i. Electrodes should be cleaned with 
water. 



j. When using the expandomatic, you can use the 
scale to increase sensitivity sevenfold 



k. Contaminated . 
reading to drift 



will cause the pH 



6-5. Specific Gravity 

Specific gravity is the first test that you should 
perform on any freshly mixed solution of 
photographic chemistry. In this section we will explain 
how this most important test is performed. 

661. Define specific gravity and explain principles 
and techniques used to determine specific gravity* 

Specific Gravity Analysis* Specific gravity is 
defined as the ratio of the mass of a given volume of a 
substance to an equal volume of distilled water at the 
same temperature. As a formula, this would be: 



3^ 



Specific gravity ■ 



mats of a known volume of a substance 
mass of equal volume of distilled water 



The first check that should be made on all solutions 
is the specific gravity. It is a quick check to see if the 
mix is complete. Specific gravity is the ratio of the 
weight or mass of a given volume of a substance to an 
equal volume of distilled water at 60°F, which has an 
assigned specific gravity of 1. We know the specific 
gravity of each element and from this we can 
determine the specific gravity of any given ratio. The 
specific gravities for all of our processing solutions 
have been determined and will remain constant, 
provided the solution has been mixed in the proper 
proportions. 

Specific gravity will, however, vary from one batch 
of solution to apother because of various factors 
involved (quality of chemicals, inaccurate scales used 
in measuring chemicals, etc.). Because of this, upper 
and lower control limits must beset If specific gravity 
of a solution does not fall within these control limits, 
further analysis can be made to determine the cause. If 
the specific gravity goes beyond the upper control 
limit, it might indicate that more than the formula, 
amount of an ingredient has been used, a foreign 
ingredient has been used, or the solution has not been 
diluted properly. A specific gravity which is below the 
lower limit might indicate that an ingredient has been 
left out of the solution, or that too much water has 
been added. 

The hydrometer is used for specific gravity checks. 
It must be cleaned before use, to give accurate 
readings. The hydrometer is calibrated to read 1.00 in 
pure, distilled water at 60°F. A temperature change 
will have a direct effect on the specific gravity reading. 
For every increase of 5°F, .001 must be added to the 
reading on the hydrometer. For a decrease of 5°F, 
.001 must be subtracted. * 

Since most photographic solutions contain several 
solids dissolved in the water, their density is not the 
same as the density of distilled water. The coefficient 
of expansion of any solution denser than water is 
greater than the coefficient of expansion of water. 
Therefore the photographic solution will expand more 
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for each degree of temperature change. Laboratory 
research indicates that the temperature correction for 
most photographic solutions whose specific gravity 
falls between 1.100 and 1.200 is very close to 0.003 
per 10°F temperature change. 

Use of the Hydrometer. Using a hydrometer with a 
suitable range, insert it into the solution in the proper 
cylinder and record the reading from the scale on the 
stern of the hydrometer. The cylinder must be on a 
level support, and 'the reading taken from a point 
perpendicular to the side of the cylinder, at the top of 
meniscus. (See fig. 6-4.) 

The following are sample specific gravity readings 
for solutions you are likely to use each day: 



Solution 
D19 
DK-50 
D-76 
D.72 
Hypo 



Specific Gravity 
1.127 
1.034 
1.089 
1.105 
1.074 



. Exercises (661): 

1 . Define specific gravity. 



2. Why is a specific gravity test performed on freshly 
mixed chemistry? 



A specific gravity reading which is too high would 
indicate what problem(s)? 



4. A hydrometer is calibrated to read what value? 



5. What compensation do you have to make if a 
hydrometer reading of a developer is made in a 
solution having a temperature of 80°F? 



6. At what point is a reading made on a hydrometer? 



6-6. Solution Certification 

Although there are several reasons for certifying 
photographic solutions, the principal one is to insure 
that they produce predictable and repeatable results. 
Depending upon the^riticality of the mission, 
certification may be limited or extensive. For example, 
some noncnttcal operations may require no more than 
the statement of the chemmix technician that the 
solutions were properly prepared, whereas highly 
critical missions require complete chemical 
certification. It is up to the individual laboratory to 
decide which procedures are needed to meet mission 
requirements. The normal sequence is to take specific 
gravity, pH and sensitometric tests of the chemistry. 

NOTE. Our discussion of solution certification is 
aimed at the developer solution. Specific gravity and 
pH tests, however, should be applied to all the 
solutions with the additional sensitometric test applied 
to the developer. 



662. List and explain the purpose of each step that is 
performed in certifying a photographic solution. 

Certifying Chemistry, Take a sample from the 
chemistry to be certified. The first test should be to 
measure the specific gravity. This determines whether 
the chemistry was properly mixed. If the specific 
gravity reading is high, it means that there is too little 
water and/or too much ingredients. If the reading is 
low, it means too much water or too few ingredients. If 
the chemistry is properly mixed, then you should take 
a pH reading. The pH reading indicates the proper 
strength of the solution. The strength of the solution^-^ 
determines its activity. Too much activity can lead to 
over-processing, and a too-weak solution leads to 
inadequate development. After these two tests have 
been performed, a sensitometric test is performed. ^ 
' A sensitometric test involves processing a 
sensitometric strip through your chemistry and then ■ - 
reading the strip on a densitometer. The values from \ 
this strip are then read on a densitometer and plotted* * 
on graph paper so that they can be compared with 
established standards. 

NOTE: Sensitometry will be better understood" 
when we study the operation of a sensitometer and 
densitometer and the making of graphs. Right now, 
consider a sensitometer as a machine which gives a 
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piece of film a known and rcpeatable exposure. The 
exposure is made through a graded step tablet (gray 
scale) that prints 21 steps of increasing density on the 
film. You use the same kind of film for the test as the 
film you use on your missions. The film is then 
processed according to directions. 

Once the film has been exposed, processed, and 
finished, it is read on a densitometer. A densitometer 
is a machine that passes light through the film and then 
measures the change in light intensity caused by the 
different densities. These changes are visible on a 
meter. E*ch of the 21 steps is read and the values 
recorded. These values are then plotted on graph paper 
to form a characteristic curve. This curve then can be 
compared with a standard that has been established. 
By comparing these curves you can determine the 
performance of your developer. 



Exercise (662): 

1 . List and briefly explain the purpose of each step 
that is performed in certifying a developer 
solution. 



6-7. Sensitometers 

The first requirement of a sensitometer is that it 
conforms to practice. It should produce exposures that 
are as nearly like camera exposures as we can make 
them, and that duplicate is, as nearly as possible, the 
color (spectral quality) of light used to make camera 
exposures. If we want to know how film responds to 
daylight, the light source in our sensitometer should 
closely approximate daylight. If we are concerned 
with the behavior of film under artificial light, we 
should use approximately the same quality of artificial 
light in our sensitometer. 

Since a photographic exposure is the product of 
light intensity, the 0) and the (T) of light duration, the 
exposure steps produced by a sensitometer can be the 
result of varying either factor. If time is held constant 
while the intensity is varied, we have an intensity scale 
sensitometer, andif the intensity is held constant while 
the time is varied, we have a time-scale sensitometer. 
Sensitometers have been constructed using both prin- 
ciples; however, the intensity scale type is the standard 
today because time scale sensitometers can cause 
reciprocity problems with some types of films. 

Another requirement is for an exposure modulator 
which gives you a graded series of accurately measured 
exposures needed to produce your sensitometric strip. 
An exposure modulator should meet the following 
requirements: 

• It should operate over an exposure range that 
includes all of the exposures encountered in practice. 

• Should be accurate and consistent. 



• Should have no significant effect on the color 
quality of the l^ght. 

663. Complete statements on the nomenclature, 
operation, and application of sensitometers. 

Intensity-Scale Sensitometers. When film is 
exposed in a camera, a frame stpps momentarily 
behind the lens and the shutter opens for a 
predetermined period and then closes. The frame has 
received an exposure, but in reality, it has received as 
many exposures as there are different tones in the 
scene. Each object that reflects a different amount of 
light produces its own exposure and its own 
corresponding density. Thus, camera exposures are, in 
fact, intensity modulated. Since we require that 
sensitometer exposures conform to practice, it stands 
to reason that the exposure it produces should be 
intensity modulated. 

The most commonly used intensity-scale modulator 
is simply an accurately made step-wedge. To provide a 
scale of equal percentage exposures, it is only 
necessary that the wedge have equal density differences 
between adjacent steps. This is true because density is 
the logarithmic function of the transmission for any 
step. 

Mark VI Sensitometer. The 'Mark VI sensitometer 
is an example of an intensity scale sensitometer (see 
fig. 6-5). It employs an electronic flash tube as its light 
source, and its exposure times vary according to the 
circuit selected. The instrument operates on 1 IS- volt 
60-cycle current. 

The electronic flash tube emits light that is a closf 
approximation of daylight, and it can be used without 
color compensation (i.e. filters) except where a test 
requres the color temperature of tungsten light Three 
circuits permit exposure times of 10"* (1/100), 10" 3 
(1/1000), and 10~ 4 (1/10,000) of a second, and the 
intensity of the tube varies with the exposure time 
selected. The 1/100-second exposure is approximately 
1 000 meter candle seconds, the 1 /1 000-second setting 
produces approximately 5000 meter candle seconds, 
and the 1/10,000-second setting gives an exposure of 
130-meter-candle seconds. 

To operate the instrument, follow these steps. 

a. Plug the power cord into an , outlet. Be sure to 
ground the plug to prevent a shock hazard. 

b* Switch the power on. ' 

c. Press the exposure circuit selector for desired 
flash duration. 

d. Add filters or light attenuators if necessary. The 
variable area filters (attenuators) having 3 or 19 lines 
are inserted between the flash-tube shield and the gray- 
scale box. They allow the user to balance the light 
output of the three separate circuits within ± 10 
percent. The 3-line Alter and the 19-line filter, which 
can be considered equivalent to Neutral Density 1.70 
and 1.0 respectively, are used to normalize the light 
output of the 10~ 3 and 10~ 2 circuits to that of the 
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A - MARK VI SENSITOMETER 

S - GRAY-SCALE BOX 

C - FtASHTUBE SHIELD 

O - VARIABLE- AREA FILTERS 



Figure 6-5. Complete Mark VI system. 



10" 4 circuit. Normalization of the light output of the 
three circuits can be useful ii) studying film 
characteristics. In addition to the area filters, neutral 
density filters can be added, as follows, with films 
having a variety of speeds. 



Hi 



ASA NUMBER 
10 
32 
100 
320 
1000 
3200 



Neutral Density Fiber 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 



c. Turn the room lights off. 

/ Place the film to be exposed over the step tablet, 
emulsion down. 

g. Slide the film into the proper groove. 

k Hold the film in place at one end and lower the 
sponge rubber platen onto the film. 

i. Flip the top do^n, activating the microswitch. A 
small amount of light may be visible at the edges of the 



platen, but this will not damage the film. If there is a 
large light leak, check the setting of t the microswitch. If 
the microswitch is set too low, the tube will fire before 
the platen covers the film. 

j. Process the film as usual. 

NOTE: Each step qf the testing process must be 
done with care to insure the necessary repeatability 
that data collecting requires. 

Many labs now used pre-exposed strips that are 
produced by Kodak. The strips are kept refrigerated 
until needed and then pulled out for running a test 
This eliminates the requirement for a sensitometer in 
many instances. 

Exercise (663); 

1 . Complete statements on the use of a sensitometer. 
a. An scale sensitometer closely 



duplicates a camera exposure. 
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b. A Mark VI scnsitomcter has an . 
light source. 



e. It is important that each step of sensitometry be 
done with care to insure ( . 



c. An exposure on a sensitometer is measured in 



d. 



are used to balance the light output of 



the three separate circuits on the Mark VI. 



6-8* Densitometers 

Your exposed sensitometric strip has been 
processed and this brings us to the next part of the 
sensitometric control— the measurement of the 
densities produced on your test material. This is the 
extent of densitometry— it is the gathering of 
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information needed to determine the photographic 
characteristics of light sensitive material (the aim of 
sensitometry). Oensitomery involves the use of 
densitometers for obtaining data about the material 
being tested. A densitometer is an instrument for 
measuring and reading directly, in terms of density, 
the light stopping ability of films or prints. The most 
common type of densitometer is the photoeI«*ric < 

type. 

664. Complete statement* on the nomenclature and 
operation of densitometers. 

Photoelectric Densitometers. Photoelectric 
densitometers employ a photoelectric cell or similar 
detector to determine the intensity of light. The most 
widely used photoelectric densitometers are the direct 
reading type. To use these densitometers, place the 
material to be measured in the light beam between the 
source and the photocell and read the density value 
directly from a meter. Since the measurements are not 
dependent upon visual impressions, this type of 
densitometer is much easier to use than the older visual 
comparison densitometer. It is, however, very 
important to keep photoelectric densitometers 
properly calibrated and to maintain a constant light 
source through voltage stabilization. 

TD-102 Densitometer. The MacBeth Quantalog 
Densitometer, TD-102, shown in figure 6-6, is typical 
of the kind of instrument that is generally used The 
instrument contains a power transformer which 
provides either 115- or 230-volt operation at 
frequencies of 50 and 60 cycles per second. Your 
instrument is usually wired for 11 5- volt, 60-cycle 
Operation, and this information should be shown on 
tfcfe data tag attached to the back of the instrument If it 
is necessary to change voltage, send the instrument to 
your maintenance sectiont 

The total power consumption of the TD-102 is 
approximately 60 watts. This includes the power 
needed to operate the electronic circuits, the light 
source for the optical system, and the antifatigue lamp. 
The electronic power supply is self-regulated and is 
not affected by normal variations in line voltage. 
However, the light source for the optical system is 
affected by line voltage fluctuations, and a voltage 
regulator mu/frbe used in conjunction with the 
instrument. M can readily see that if the light passing 
through a sa/iple fluctuates, the density reading also 
fluctuatesTvl simple 60-volt ampere regulator is 
adequate. 

You may use the TD-102 under any normal 
lighting conditions, since ambient light does not affect 
its optical system. However, since the dial is not 
illuminated, you must provide a light for it if you plan 
to use the instrument in a darkroom. 

Optically the TD-102 meets ANSI standards for 
measuring diffuse transmission density. The 
instrument is equipped with a turret containing four 
filter positions. The filters installed in the turret are 



the red, Wratten No. 92; the green, Wratten No. 93; 
the blue, Wratten No. 94; and a No. 106 for visual 
operation. For color densitometry you use the three 
colored filters; for black-and-white densitometry you 
place the turret in the visual position. 

The meter scale on the TD : 102 is linear from 0 to 
4,0 density units. The scale is divided into 200 equal 
graduations of 0.02 density units eacl>. You can make 
density readings that are precise within a tolerance of 
± 0.02 density units. By reading between graduations, 
you can make readings of ± 0.01 density units. 

The circular stage diffuser is 3 S A inches in 
diameter, with a circular aperture of 2 mm (0.079 
inches) in diameter at its center. The diffuser has a 
brightness of approximately 100 foot-lamberts. 

Densitometer Operation. Except for minor 
• differences, all densitometers are used in the same 
way. Therefore, to learn how to operate a 
densitometer, let us take the TD-102 as being typical. 
When we talk about zeroing and adjusting this 
instrument, we shall include the color filters, even 
though our immediate concern is with black-and- 
white operation. 

Refer to figure 6-6 and ydu will see that all controls 
are on the front of the instrument. Locate each control 
in the illustration as you go through the following 
operations. To zero-adjust the TD-102: 

(1 ) Rotate the zero-adjust switch to turn the power 
on, once the instrument has been plugged into a 
suitable power line whose voltage is stabilized with a 
voltage regulator. 

(2) After a 30-minute warmup, with no sample in 
place and the filter selector control rotated to the 
visual filter position (the gold filter trim control in the 
bottom position), depress the snout lever. Turn the 
zero-adjust switch further clockwise until the needle is 
properly zeroed. 

NOTE: When making any reading, remember to 
use the built-in mirror to prevent parallax errors. 

(3) Step 2 is then repeated with the red, green, and 
blue trim controls in the bottom position. This zeroing 
is necessary only for color work. 

To calibrate the TD-102 after zeroing: 

(1) Place the internal calibration reference in the 
measuring beam by moving the calibration reference 
control backward (toward the machine) until you feel 
it "click in. 11 

(2) Depress the snolit lever. 

(3) Adjust the calibration control until the meter 
reads the density indicated on the tag adjacent to this 
control. 

(4> Remove the internal calibration reference from 
the measuring beam by moving the calibration 
reference control forward until you feel it "click out " 
(The calibration reference control must be "out" when 
making a reading.) 

(5) Recheck your zero and calibration settings. 
The machine should "hold" both proper zero and 
calibration at the same time. 
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STEP NO. 


DENSITIES 


0 


* 

1 


0.10 


0.11 




0.10 


2 


0.14 


0.13 




0.13' 


3 


0.16 


0.14 


0 15 


0.15 


4 


0.22 


0.18 




0.20 


5 


0.28 


0.27 




0.27 


«*, 6 


0,39 


0.35 


0.37 


0.37 


7 


0.51 


0.52 




0.50 


8 


0.66 


- 0.64 


U.OB 


0.65 


9 


0.78 


030 




0.8O 


10 


034 ~ 


036 




0.95 


11 


1.08 


1.10 


1 io 

'•I* 


1.10 


12 | 


1.23 


1.27 


1 3*5 


1.25 


13 j 


1.38 


1.40 


t AO 


1.40 


14 


1.53 


1.55 


1 «57 
1 .o / 


1.55 


15 


1.69 


1.71 


1 ./U 


1.70 


16 


1.80 


1 R4 1 


1 .0 1 


1.82 


17 
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132 


18 


1.99 


2.01 


2.00 


2.00 


19 


2.04 


2.08 


2.06 


2.06 


20 


2.14 


2.10 


2.11 


2.12 


21 


2.13 


2.17 


2.15 


0 1 c 
lb 



Fifure 6-7. Qara for recording aenaitomcoric ttrip densities. 



succession, you would get an erroneous value for Uie^ 
step. Make your* readings as random as possible. Do 
not try to hit the same^pot each time. Just read and 
record eachjstrip three times and then average the 
values for tfSch step. 

Exercise (664): 

Incomplete statements on the nomenclature and 
operation of the TD-102 densitometer. 

a * densitometers are easier on the eyes 

than the type. 



b. The TD-102 densitometers have 
positions. 



filter 



c. The 



filter is in the bottom position 



when zeroing the TD-102. 



d. For color work, you must zero witffthe m 
, and 



NOTE: Fine ntpedle adjustments can be made by 
rotating, the filter trim control knob that is being used. 

Once you have determined that your densitometer 
is in calibration and is operating correctly, you are 
ready to make density readings of your sensitometric 
strips. It is most convenient to work^with another 
technician when making density readingsTOne person 
should operate the densitometer, calling out the 
density values as they appear on the meter dial, while 
another person lists the values on a specially prepared 
form, such as is shown in figure 6-7. Notice that there 
are three columns in which to recdrd densities. The 
reason is this: Since operator errors, as well as 
systematic errors (those inherent in, or produced by, 
the system) are likely to occur, you can get a more 
realistic evaluation of density by taking three replicate 
readings and averaging them. The_chart shown in 
figure 6-7 provides a column headed D for the average 
densities. Notice we said replicate, not duplicate, 
readings. These are made by reading the entire strip, 
recording the individual step densities in the first 
column; reading and recording the entire strip a ' 
second time for the second colufon; ajrid doing the 
same thing for the third column. You should not try to 
read the same spot on each step, nor should you try to 
hit the same spot for each replication. Because there 
may be flaws in emulsions or in development, an 
unrealistic density may occur in a particular spot; if 
your 'densitometer read this spot three times in 



e. Afterzeroing, a densitometer is then checked 

for . 



f. When reading a control s$rip, you should make 
— read ings. 



6*9. Replenishment Procedures 

The need for replenishment arises from many 
different factors. Of importance are the following: 

• As photographic solutions are used, chemical 
components are used up. 

• As chemical components are used up, byproducts 
are formed in the processing solution. 

• The combined action of losing chemicals and 
gaining byproducts ultimately makes the processing 
solution ineffective. ' 

• It is not always feasible to shut down processing 
machines so that the chemical solutions can be 
changed whenever they begin to deteriorate or 
whenever they begin to approach exhaustion. 

As we have previously discussed, the best way to 
check your solutions is through performing pH, 
specific gravity, and sensitometric tests. This testing 
will indicate the need for replenishment. 
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In this section we are going to discuss logarithms 
which are the,mathematics used in sen$itoroetfy--the 
drawing of characteristic curves which give you visible 
proof of your developer's performance. Finally, we 
will discuss the steps in replenishing developers, stop 
baths, and fixing baths. 

* 

445. Give the definition and some cjjaracter istics of 
logarithms and solve log problems. 

Logarithms. A logarithm is a number used to 
represent another number. Logarithms were 
originated as a means of simplifying the handling of 
numbers containing, a large number of digits or ' 
decimal places. They are commonly used in scientific 
research to reduce complicated^ multiplication and. * 
division problems to simple addition and subtraction. % 

We can best define a logarithmic series of numbers > 
by first considering an arithmetic series of numbers. 
The following are arithmetic series of numbers: 

0, 1,2, 3,4, 5, 6?7, 8,9 \ 

0,2,4,6,8, 10, 12, 14, 16 

5, 10, 15,20, 25. 30,35,40 

In the first scries of numbers we are only adding 1 
to the previous number to get the next. In the second 
seYies of numbers we are simply adding 2 each time to 
the previous number to get the next, In the third set we 
are simply adding 5 to the previous number to get the 
next nuipbcr. 

Suppose we wanted to evaluate the response of a 
photographic material to different amounts of 
exposure. We would expose the material with a series 
of exposure increments. We might use a series of 
exposures increasing the increments of 5, 10, 15, 20, 
and so on. Notice that there is not a uniform increase 
in exposure from one increment to the next. The 
exposure from 5 to 10 represents a 100-percent 
increase, whereas the exposure from JO to 1 5 is only a 
50-percent increase. The increase of exposure from 1 5 
to 20 is only a 25-percent increase. Thus; as the 
exposure gets greater, the percent of increase becomes 
smaller. , v 

To effectively analyze a photographic material, we 
must give it exposure increases at regular intervals. For 
example, if we start with 5 and multiply each exposure 
to our material by a factor of 2, we would produce a, 
series of equal exposure increases. Our steps would 
progress 5, 10, 20, 40, etc. This is an example of 
geometric progression. This is a series of logarithmic 
numbers. The following are examples of logarithmic 
series of numbers. 

1,2,4,8, 16,32,64 

5, 10, 20, 40, 80, ..... 

A logarithmic series of numbers is the result of 
multiplying or dividing the previous number by a 
certain number to get the nefct number. Notice in the 
previous group of numbers we multiplied each number 

. «* 



by the factor o'f 2 to get th^ next one. The following is 

another group of logarithmic series of numbers. 
1 10 100 1,000 10.00Q 100,000 1,000,000 
In the last series, we multiplied the previous 

number by 10 each time to get the next number; as 

shown here: 

1 ' ' 

10 (10x1) 
100 (10x10) 
1,000 (10x10x10) 
10,000 (10x10x10x10) 
'100,000 (10x10x10x10x10) 
1,000,000 (10x10x10x10x10x10) 

The above series of numbers can also be expressed 
in the following way: i 



10°- 

10' 

10' 

10 3 

10< 

10 J 

10" 



1 

10 * 
100 

1,000 ^ \ 

10,000 

loo.ooo ; . 

1,000,000 

In this last scries of numbers, we use the number 
above and to the right of the tens to indicate how many 
tens we must multiply together, by ten, to get the 
equivalent numbers. These numbers -are called 
exponents or powers. An example 10 3 = 1,000 
(10x10x10 = f,000). In this case, 3 is the exponent 
and tells us how many tens to multiply together. 

Logarithms art actually the exponent by which we 
can raise some convenient base number (in this case 
10) in order to > describe some other number. For 
instance: 

10< = 10,000 ' 

Logarithms to the base 10 are called common 
logarithms. Another way to express 10 4 = 10,000 (ten 
raised to the fourth power equals ten thousand) would 
be: Log l0 10,000 = 4 (the logarithm to the bass 10 of 
10,000 equals 4). It is common practice to pmit 
writing the base if the base is 10, but to write it in for 
logarithms using bases other than 10. Now we simply 
say the Log of 10,000 = 4. (The number to take the 
place of 10,000 is 4). To understand this more, let us 
look at the powers. of ten, their values, and their 
logarithmic form. (See fig. 6-8) 

The logarithm number is made up of a whole 
number or a whole number and a decimal fraction. 
The numbers listed under logarithmic forms in figure 
6-8 ate logarithm numbers. The number to the left of 
the decimal is called the characteristic. The 
characteristic can be a positive or a negative number. 
A positive characteristic indicates the original number 
was a whole number or a mixed number. If the original 
number is a decimal, the characteristic is negative and 
is distinguished froift the positive/characteristic by a 
bar above the number. (T t !2,T etc.) 
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Povers of 10 



Common Dumber 



6 



"1 AO 


1,000,000 


10^ 


100, 000k 


10 H 


10, 000* 




t nnn 

1, 000 




100 


ml 

XU 


10 


XU 


1 


XU 


«1 


xu 




10-3 


• nm 
• UUl 




.0001 


10-5 


•00001 


10" 6 


•000001 



'Logarithmic Forms 

6.0000 
• 5.0000 
4.0000 
3.0000 
2.0000 
1.0000 
0.0000 
^.0000 
.2.0000 

2.0000 

4.. 0000 • 
5..0000 
6.0000 



Figure 6-3, Powers, Values and Logarithms 
Fi^ore 6-8. Common \o&gtimix (case 10). 
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q EXAMPLE. Lo% 100 = 2 T 0000 (We cm omit the dcomii snd the 

four zeros ind use only the 
characteristic 2) 
' Lof 0.001 =»TOOOO (Omil the decimal snd the zeros 
sod use only the characteristic 
I) , 

Wc have expre s se d 13 /numbers in figure 6*8, 
ranging from 1,000,000 to 0.000001 by their 
logarithms. What about all the numbers in between 
these that can't be expressed with a whole number 
exponent of 102 The number 25 falls between 10 ^nd 
100, which frfve characteristics of 1 and 2. Therefore 
the characteristic for the logarithm of 25 must be 1 
plus some drcimaj fraction. This decimal fraction part 
of the logarithm^* called the mantissa. The mantissa is 
always positive a)id is obtained from an appropriate 
tattle of logarithms. 
> To find the- logarithm of a number yotr first 
determine the characteristic. This number may be 
determined by inspection. Only the mantissa is listed 
in the logarithm tame. Let us set about the task of 
•determining the logarithm of a number by first finding 
the characteristic. 

The characteristic is the number to the left of the 
decimal point When the given number js 1 or larger 
the characteristic is positive. When the given number is 
less than 1 the characteristic is Negative and is so 
indicated by placing a bar above the characteristic 

At this point, for purposes of simplification, we will 
introduce a system that greatly reduces the difficulty 
usually encountered in determination of the 
y characteristic. We call this the "CARET SYSTEM." 

To determine the characteristic of a number* place 
a caret ( a /tcixhe right of the first significant number. 
A significant nutafeiHi any number other than zero. 
Now, couiiftbe number of digits between the caret and 



the decimal point The number of digits will Be the 
characteristic. If the decimal point is to the right of the 
caret, the characteristic will be positive. If the decimal 
is to the left of the caret, the characteristic will be 
negative. 



EXAMPLE' 



GIVEN 
NUMBER 

V 2 ' 

3 A .?r 

.007 A 3 
.3 A 2- 



CHARACTERtSTlC 
2. 
0. 

T 
t. 



We use the simplified method mentioned above 
because some have difficulty committing to memory 
the rules that apply to characteristic determination. 
However, we recommend that you learn these rules to 
further your understanding of logarithms^ 

The following rules are. used in determining the 
characteristic for a given number. 

Rule 1. THE CHARACTERISTIC OF ANY 
WHOLE OR MIXED NUMBER IS ONE LESS 
THAN THE NUMBER OF FIGURES TO THE 
LEFT OF THE DECIMAL POINT. 

Rule 2. THE CHARACTERISTIC OF A 
DECIMAL FRACTION IS EQUAL TO THE 
NUMBER OEtPLACES TO THE RIGHT OF THE 
DECIMAL, TO AND INCLUDING THE FIRST 
SIGNIFICANT FIGURE . 
/ A significant figure is any digit other than zero. 
Remember that the characteristic for a decimal figure 
is negative and a bar must be placed above the 
characteristic to indicate this. 



EXAMPLE: GIVEN NUMBER CHARACTERISTIC 

25.000.00 a 4 
2,500.00 m V 



132 



9 

ERLC 



41 



EXAMPLE. 



(Rule 1) 



EXAMPLE. 



(Rule 2) 



UVEN VI MH1R iltARAUFRlSTIC 



I 



250.00: 
25,00: 
2.50 : 
GIVES NUMBER 
0.00002 : 
0.00023 : 
0.00236 : 
0.02360 : 
0.23600 : 



2 

i 

0 

CHARACTERISTIC 
T 

4 

7 
I 



APcr you have applied the rules listed above and 
have determined the characteristic, there is still one 
more step to accomplish. As we have said before, a 
logarithm^ has two parts. You have found the 
characteristic now you must find the mantissa. , 

Tp locate the proper mantissa, you must use a ref 
table. The log table that has been provided in table 6-2 
will enable you to find the raanussa for any 3-digit 
figure. If your given number contains more than 3 



digits, you must either procure a table computed for 
these numbers or use a mathematical process called 
interpolation to determine the appropriate mantissa. 
Logarithm tables have been computed with mantissas 
having 14 digits or more. The greater the number of 
digits, the greater the accuracy of the table. 

However, for our purposes, the 4-place table will 
provide sufficient accuracy. In the event you are called 
upon to determine the mantissa for a number having 
more than three figures, simply round off the number 
to 3 piacc^ and then determine the proper mantissa. 

Look at your log table. You will sec 1 1 columns of 
figures heade3 by the letter "N* 1 and digits from 0 to 9. 
To determine the mantissa for any number having 3 
£»£aificant figures, locate the number in the "N M 
% column and then proceed across the chart horizontally 
until we reach the column headed by the third digit of 
the number. At this point on the chart, we will locate 
the mantissa. 



EXAMPLE: 



Mintisu for th« 
nvabtt 12 i» .0792 



Mantissa for the 
number 175 is .2430 




1761 
2041 
2304 

75TT 



*34U0 
3222 
3424 
3617 
3&02 



150 
4314^ 
44 7* 
4624 



1790 
206* 

2577 
2810 



1818 

2095 
2211 



2601 
2833 

3054 

3.263 

(655 
3838 

4014 
4183 
4346 
4502 
46*4 



3 


4 


5 


6 


7 


S 


9 


0128 


0170 


0212 


0253 


0294 


0334 


037* 


0331 


0569 


0607 


0645 


06S2 


0719 


0755 


0899 


0934 


0969 


1004 


103$ 


1072 


1104 


1239 


1271 


1303 


1335 


1367 


1399 


1430 


1553 


1584 


1614 


1644 


1673 


1703 


1732 


1S47 


1875 


1903 


1931 


1959 


1987 


2014 


2122 


2148 


2175 


2201 


2227 


2253 


2279 


2380 


2405 


2430 


2455 


2480 


2504 


2529 


iSTT 


2648 




2695 


2718 


2742 


2765. 


2856 


iwf 


2900 


2923 


2945 


2967 


2989 


30^ 


3096 


3118 


3139 


3160 


3181 


3201 


^284 


3304 


3324 


3345 


3365 


3385 


3404.' 


34S3 


3502 


3522 


3541 


3560 


3579 


3598 


r K 


3692 


3711 


3729 


3747 


3766 


37S4 


3856 


3874 


3892 


3909 


3927 


3945 


3962 


4031 


4048 


4065 


4082 


4099 


4116 


4133 


4200 


4216 


4232 


4249 


4265 


4281 


4298 


4352 


4378 


4393 


4409 


4425 


4440 


4455 


4518 


4533 


4548 


4564 


4379 


4594 


4609 


4669 


4683 


4698 


4713 


4728 


4742 


4757 



Numbers having identical significant figures but 
differing in the position of the decimal point will have 
the same mantissa- However, the characteristic will 
differ to indicate the difference in arithmeucal value. 

EXAMPLE, (Log 2 =7.3010) (Log 2 = 0.3010) (Log 20 = 
1J01O) 

Anti-Logs* Now that yoCi have learned the 
procedures for finding the logarithm of a number, let's 
tackle the problem from a different angle. Suppose 
that you were given the logarithm and told to find the 
number that it represents. How would you go about 
accomplishing tins task? 

Actually, the process is quite simple. Basically, the 
operation is the revme of finding the logarithm. When 



we perform this operation, we are finding the anti- 
logarithm. The anti-log is the number that the 
logarithm represents. 

Let us say, for purposes of illustration, that we want 
to find the anti-log of the logarithm 3,6990. First we 
go to the log table and scan the mantissas until we 
locate .69901 The numbers are arranged in an 
arithmetic progression that aids in locating the desired 
mantissa. This mantissa is located adjacent to the 
number 50, in the **>T column. Since all numbers with 
identical figures have the same mantissa, 6990 could 
represent the number 5, 50, or 500, etc. However, 
determining the specific value of the anti-log will 
present no problem if you use the following 

procedure. 

Again, using the "CARET SYSTEM," take the 
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TABLE 6-2 
LOG TABLE (COMMON LOGARITHMS) 



COMMON IXtGAItrTHMS. 




M 


• 


1 


,1 


3 


4 


$ 


4 


7 


• 


* \ 


10 


0000 


0043 




0 12 1 


0 170 


02 12 


0253 


0294 


0334 


0374 


11 


04U 


0453 


04 2 


0531 


0569 


0607 


0645 


0642 


0719 


0755 


12 


0792 


0121 


0164 


0199 


0934 


0969 


1004 


103* 


1072 


1106 


13 


1139 


U73 


1206 


1239 


1271 


1303 


1335 


1367 


1399 


1430 


14 


1461 


1492 


1523 


1553 


15*4 


1614 


1644 


1673 


1703 


1732 






1790 


IS It 


1 147 


1*75 


1903 


1931 


1959 


1987 


2014 


16 


2041 


2064 


2095 


2122 


214* 


2175 


2201 


2727 


2253 


2279 


17 


'2304 


2330 


2355 


2310 


2405 


2430 


2455 


24*0 


2504 


2529 


It 


25S3 


2577 


2601 


2625 


264* 


2672 


2695 


271* 


2742 


2765 


19 


27M 


2110 


2433 


2*56 


2*7* 


2900 


2923 


2945 


2967 


2989 


20 


3010 


3032 


3054 


307 5 


3096 


3118 


3 139 


3 160 


3181 


3201 


21 


3222 


3243 


3263 


3244 


3304 


3324 


3345 


3365 


3385 


3404 


22 


3424 


3444 


3464 


34*3 


3502 


3522 


3541 


3560 


3579 


3598 


23 


3617 


3636 


3655 


3674 


3692 


3711 


3729 


3747 


3766 


3784 


24 


3*02 


3420 


3*31 


3*56 


3*74 


3892 


3909 


3927 


3945 


3962 


25 


3979 


3997 


4044 


403 1 


404* 


4065 


4042 


4099 


4116 


4 1 33 


26 


4150 


4166 


4113 


4200 


4216 


4232 


4249 


4265 


4281 


4298 


27 


4314 


4330 


4346 


4362 


4378 


4393 


4409 


4425 


4440 


4455 


21 14472 


44|7 


4502 


451* 


4533 


4548 


4564 


4579 


4594 


4609 


2* 


46*4 


4639 


4654 


4669 


4643 


4698 


4713 


472* 


4742 


4757 


30 


4771 


4786 


4S00 


43 1 4 


4*29 


4843 


4457 


4*7 1 


4886 


4900 


31 


4914 


4921 


4942 


4955 


4969 


4983 


4997 


5011 


5024 


5038 


32 


5051 


5065 


5079 


5092 


5105 


5119 


5432 


5145 


5159 


5172 


33 


5115 


5191 


5211 


5224 


5237 


5250 


5263 


6276 


5289 


5302 v 


34 


5315 


5321 


5340 


5353 


5366 


5378 


5391 


5403 


5416 


5428 


35 


5441 


5453 








t(A1 

j yj * 


5514 


5527 


5539 


5551 


36 


5563 


5 573 


5517 


5599 


56U 


5623 


5635 


5647 


5658 


5670 


37 


5642 


5694 


5705 


5717 


5729 


$740 


5752 


5763 


5775 


5?86 


31 


5791 


5409 


5121 


5432 


5*43 


5855 


5866 


5877 


5888 


5899 


39 


5911 


5922 


5933 


5944 


5955 


5966 


5977 


5984 


5999 


6010 


40 


6071 


603 1 




4053 


^064 


6075 


6085 


6096 






41 


6121 


6134 


6149 


6160 


6170 


6180 


6191 


6201 


6212 


6222 


42 


6232 


6243 


6253 


6263 


6274 


6284 


6294 


6304 


6314 


6325 


43 


6135 


6345 


6355 


6365 


6375 


6385 


63 9 5 


6405 


6415 


6425 


44 


6435 


6444 


6454 


6464 


6474 


6484 


6494 


6503 


6513 


6522 


45 


6532 


6542 


6551 


6561 


6571 


6540 


6590 


6599 


6609 


6618 




6621 


6637 


6646 


6656 


6665 


6675 


6644 


6693 


6702 


6717 




6721 


6730 


6739 


67*49 


6754 


6767 


6776 


6785 


6794 


6403 




6412 


6421 


6430 


6439 


6448 


6457 


6466 


6475 


6444 


6493 


(49 


6902 


6911 


6920 


6928 


6937 


6946 


6955 


6964 


6972 


6981, 




6990 


699S 


7007 


7016 


7024 


7033 


7042 


7050 


7059 


7067 


pi 


7076 


7054 


7093 


7101 


7110 


7118 


7126 


7135 


7143 


7152 


7160 


7164 


7177 


7115 


7193 


7202 


7210 


7218 


7226 


7235 




7243 


7251 


7259 


7267 


7275 


7284 


7292 


7300 


7308 


7316 




7324 


7332 


7340 


734* 


7356 


7364 


7372 


7380 


731! 


7396 







M 


• 


1 


* 


J 


4 


J 


4 


7 


t 


t 


55 


7404 


7412 


7419 


7427 


7435 


7443 


7451 


7459 


7466 


7474 


56 


7482 


7490 


7497 


7505 


7513 


7520 


7528 


7536 


7543 


7551 


57 


755V 


7566 


7574 


7542 


7589 


7597 


7604 


7612 


76 19 


7627 


58 


7634 


7642 


7649 


7657 


7664 


7672 


7679 


7686 


7694 


7701 


59 


7709 


77*6 


7723 


7731 


7734 


7745 


7752 


2760. 


7767 


7774 


60 


7782 


77*9 


7796 


7803 


7810 


7818 


7825 


7832 


7*39 


7444 


61 


7853 


7*60 


7864 


7875 


7882 


7889 


7896 


7903 


7910 




62 


7924 


7931 


7938 


7945 


7952 


7959 


'7966 


7973 


79*0 




63 


7993 


8000 


8007 


8014 


8021 


8028 


8035 


8041 


8044 




64 


8062 


8069 


8075 


8082 


8049 


8096 


8102 


8109 


8116 


8122 


65 


8129 


8136 


8142 


8149 


8156 


8162 


8169 


8176 


8182 


8189 


66 


8195 


8202 


8209 


8215 


8222 


8228 


8235 


8241 


82a 


8254 


67 


8261 


8267 


8274 


8280 


8287 


4293 


8299 


8306 


8312 


9319 


64 


8325 


8331 


8338 


8344 


8351 


8357 


8363 


8370 


8376 


4382 


69 


8388 


8395 


8401 


8407 


8414 


8420 


8426 


8432 


8439 


4445 


70 


8451 


8457 


8563 


8470 


8476 


8482 


8484 


4494 


1500 


8506 


71 


8513 


8519 


8525 


8531 


8537 


8543 


8549 


8555 


4561 


8567 


72 


8573 


8579 


8585 


859 1 


8597 


8603 


8609 


•Old 


» A1 1 
OOi 1 


• All 


73 


8633 


8639 


8645 


8651 


8657 


8663 


8669 


8675 


8681 


8646 


74 


8692 


8698 


8704 


8710 


8716 


8722 


8727 


8733 


8739 


•745 


75 


8751 


8756 


8762 


8768 


8774 


8779 


8785 


8791 


8797 


8402 


76 


8808 


MU 


8420 


8425 


8831 


8837 


8842 


8448 


8854 


8459 


77 


8465 


887 1 


8876 


8842 


8847 


8893 


8*99 


8904 


89 10 


89 15 


78 


8921 


8927 


8932 


8938 


8943 


8949 


1954 


8960 


8965 


8971 


79 


8976 


8982 


8987 


8993 


8998 


9004 


9009 


9015 


9O20 


9025 


80 


9031 


9036 


9042 


9047 


9053 


9058 


9063 


9069 


9074 


9079 


81 


9085 


9090 


9096 


9101 


9106 


9112 


9117 


9122 


9128 


9133 


82 


9138 


9143 


9149 


9154 


9159 


9165 


9170 


9175 


9180 


9186 


83 


9191 


9196 


9201 


9206 


9212 


9217 


9222 


9227 


9232 


923* 


84 


9243 


9248 


9253 


9254 


9263 


9269 


9274 


9279 


92*4 


9289 


85 


9294 


9299 


9304 


9309 


9315 


9320 


9325 


9330 


9335 


9340 


86 


9345 


9350 


9355 


9360 


9365 


9370 


9375 


9340 


9385 


9390 




9395 


9400 


9405 


94 10 


94 15 


9420 


9425 


9430 


9435 


9440 


84 


9445 


9450 


9455 


9460 


9465 


9469 


9474 


9479 


9484 


9480 


89 


9494 


9499 


9504 


9509 


9513 


9518 


9523 


9528 


9533 


9538 


90 


9542 


9547 


9552 


9557 


9562 


9566 


9571 


9576 


9581 


9586 


91 


9590 


9595 


9600 


9605 


9609 


9614 


9619 


9624 


9628 


9633 




9634 


9643 


9647 


9652 


9657 


9661 


9666 


9671 


9675 


9640 


i 


9685 


96*9 


9694 


9699 


9703 


9704 


9713 


9717 


9277 


9727 




9731 


9736 


9741 


9745 


9750 


9754 


9759 


9763 


976* 


9773 


95' 


9777 


9752 


9786 


9791 


9795 


9400 


9805 


9809 


9814 


9818 


96 


9823 


9827 


9832 


9836 


9841 


9845 


9850 


9854 


.9859 


9863 


97 


9*68 


9872 


9877 


9881 


9446 


9890 


9894 


9899 19903 


9908 


98 


9912 


9917 


9921 


9926 


9930 


9934 


9939 


9943 19948 


9952 


99 


9956 


9961 


9965 




9974 


9978 


9983 


9987 i9991 


9996 



221-67$ 



number you found (50) and place a caret ( a ) to the 
right of the first significant number. Now, place the 
decimal point to the right or left the number of spaces 
equal to the value of the characteristic Place the 
decimal point to the right if the characteristic is 
positive and left if the characteristic is negative. 
Sometimes it is necessary to add zerosto determine the 
value of the characteristic For simplicity, we can say 
that the characteristic indicates how many digits there 
will be between the first significant number and the 
decimal point Please note the following examples: 



EXAMPLE: Determine the Ann* hf of 3 £990 

LOG ANTI-LOG 

3.6990 $p00. 

7.6990 .00^ 

5.6990 300000. 



The following rules are used when you are finding 
anti-logs. 

Rule I. IF THE CHARACTERISTIC IS 
POSITIVE. THE NUMBER OF FIGURES TO THE 
LEFT OF THE DECIMAL POINT WILL BE ONE 
MORE THAN THE CHARACTERISTIC. 

Rule ,2. IF THE CHARACTERISTIC IS 
NEGATIVE. THE NUMBER OF PLACES TO THE 
RIGHT OF THE DECIMAL, TO AND INCLUDING 
THE FIRST SIGNIFICANT FIGURE WILL BE 
EQUAL TO THE CHARACTERISTIC. 

EXAMPLE. Lofanthen Ann*Lo$aruhm 
4.3010 = 20,000 

(Characteristic of 4 equals 5 decimal places in anti-log) 
(Rule l) 2.6990 = 500 

(Characteristic of 2 equals 3 decimal places in anti-log) 
(Rule 2) 4.3010 =s ,0002 
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lofariihn Ann-Logarithm 

(Characteristic of Bar 4 tndidtes the first significant 
figure will be in the fourth place from the decimal) 

16990 = 05 

(Characteristic of Bar 2 indicates the first aintficant 
figure will be in the second place from the decimal) 

NOTE: To stress again, the reason- you need to 
study logarithms is that the values given on pH meters 
and densitometers are given in terms of logs. Logs 
provide a convenient method which large 
numerical values can be reduced to simplified form for 
easy use. * 



d. 0.109. 



e. 44.5. 



8. Find the mantissa for the following numbers: 



Exercises (665): 
1 . What is a logarithm? 



a. 3. 



2. How many parts are there to a logarithm? 



3. Which pan of a logarithm is always positive? 



b. 55. 



c. 0.0006. 



4. What base is used in the "COMMON SYSTEM' 
of logarithms? 



d. 0.07. 



e. 444,000. 



5. How is a negative characteristic indicated? 



9. Find the logarithms for the following numbers; 



6. How do you determine the characteristic for a 
logarithm? 



a. 0.01. 



7. Find the characteristics for the following 
numbers: 



b. 19.5. 



a. 555. 



c 662,000. 



b. 2.46. 



d. 0.000005. 



c. 0.00044T. 



e. 8.0. 
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TABLE 6-3 

RELATIONSHIP BETWEEN EXPOSURE, DENSITY, AND 
OPACITY 



Step 


E (MCS) 9 


Lop E 


Density 
(Lop 0\ 


wyQciry 


j 


n not 


Tn 


0.11 


1.29 


2 


0.010 


*7 0 


U.xU 


1 CO 

J .58 


3 


0.10 


To 


0.42 


2.63 


4 


1.00 


0.0 


0.85 


7.08 


5 


10.00 


1.0 


1.35 


22.40 


6 


i 00.00 


2.0 


1.85 


70.80 


7 


.1000.00 


3.0 


2.23 


170.00 



•MCS is meter-candle seconds. 
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10. Find the anti-log for the following logarithms: 



a. 2.1847. 



b. 3.0294. 



c 1.8825. 



d. 1.7419. 



e. 0.9004, 



666. Explain the nomenclature and state the 
principles associated with the construction of 
characteristic corves* 

Characteristic Carves. Up to this point you have 
learned how to expose and process sensitometric 
strips. Then you learned to read the results on a 
densitometer. Now you must be able to put these 
density readings to some use. 

In order to analyze and understand the results of a 
sensitometric test, you must plot the density 'of each 
step in a test strip in relation to the exposure that was 
required to produce the density. A characteristic curve 
is drawn on a graph by plotting the densities (D) of the 
exposed and processed strip against the logarithms of 
their corresponding exposures (log E). This principle 
was originated by Messrs. Hurter and Driffeld a 
number of yean ago, and the result is often called and 
If and D curve in their honor. It is also referred to as a 
D to E curve or a sensitometric curve. 

Plptting characteristic curves. If the values of density 
(logarithm of opacity), as measured from a x 
sensitometric test strip, are placed in a column ] 
opposite the logarithm of the exposures which 
produced them, the column will represent the 
relationship between exposures, densities, and 
opacities for that particular emulsion and a given 
processing condition, A typical example of these 
relationships is shown in table 6-3. 




(a) jxn 
l« icr» 
(O xd 



•01 
10* 



.10 ■ 
10* 



tJO 
10* 

ao 



too 

10* 
14 



100J) 
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Figure 6-9. Characteristic curve. 
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Figure 6-10. Making the horizontal and vertical axes. 



Since the relationship between exposure and 
density is difficult to visualize from a table of this sort, 
it is much betterlo use a graphic representation, as 
shown in figured. In this graph (table 6-3 and fig. 
6-9) the density Gog 0) is plotted against the logarithm 
of the exposure Gog E). Note that the exposures and 
densities are plotted in geometric progression so that 
mathematical values of equal progression, adaptable to 
standard graphing procedures, are obtained, 

Determining log E for intensity-scale sensitometers. In 
an intensity-scale sensitometer the time of exposure is 
a constant The illumination affecting the material 
being tested is varied by exposing through a step 
wedge. The density of each step of the step wedge 
reduces the exposure proportionately. So, in order to 
obtain the log E f o r each step, the density of that step is 
substracted from the log of the exposure Gog E) at the 
exposure plane. Example 



* Illumination at exposure plane = 105 MC 

(meter -candles) 

Los illumination at exposure plane = 0.02 

Time 4 sec 

Lor time 0.60 

Los I ' = 0 02 

Log T * = +0-60 

Log E (at exposure plane) = 0.62 

Density of step 1 = 00* 

Log £ of step 1 = * 0.58 



Intensity-scale sensitometers are provided with step 
wedges which are calibrated by the manufacturer The 
manfacturer's values may be used, or the step density 
values may be determined with a densitometer 

Preparing the graph. For plotting a characteristic 
curve, it is convenient to use a graph sheet ruled 20 
units to the inch (20* x 20 per inch) or 10 units to the 
half inch (10 x 10 per half inch). The base line should 
\jje marked off in even increments of 0.20 log E units 
to the half inch. It is necessary to . provide enough 
spaces tb accommodate the range of log Es for the 21 



steps used to produce the strip being plotted. (Placing 
the 0.0 point on a line 2 inches from the right edge 
usually provides sufficient space,) Considering the 
base line as zero, mark off the vertical axis in 
increments of 0.20 density units per half inch, as 
shown in figure 6-10. 

The log Es of the 2 1 steps are then plotted along the 
horizontal ?xis, as plotted in figures 6-11 and 6-12, 
and the corresponding densities of the test are plotted 
in their proper position above them, as plotted in 
figure 6-12. 

Pbtting density against density. Table 6-4 and figure 
6-12 show how a test strip printed through a standard 
Eastman Sensitoftietric Step Tablet No. 2 could be 
read and plotted. This tablet consists of 21 steps, 
ranging in density from approximately 0.05 to 3.05. 
The density difference between' each step is 
approximately 0.15. (In table 6-4 the numbers have 
been rounded out to these values.) A step- by-step 
* procedure fo? plotting a curve from a test made in this 
manner is as follows: 

0) The densities of the original step tablet are read 
and recorded as shown in the table. (These values are 
usually given by the manufacturer.) 

(2) The densities obtained in the test strip are read 
and recorded in a column beside the densities of the 
original, also shown in table 6-3. 

(3) A graph sheet having 20 squares to the inch is 
marked off in increments of 0.20 density units to the 
half inch, starting with 0 in the lower right-hand 
corner and moving to the left along the base line 
(horizontal axis) and upward along the right side 
(vertical axis)". 

(4) The densities of the original step tablet are then 
, located across the base line with step 1 located near the 

right end and step 21 located near the left end of the 
line (considering step 1 to be the step having the least 
density). 

(5) The density of each step of the test is then 
plotted by placing a dot on the graph opposite its value 




Figure 6-11. Plotting Log Es of the 21 *e©» (8 Kept tbc*m\ 
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TABLE 6-4 

DENSITY OF ORIGINAL IS DENSITY OF TEST 



Step Number Density of Oripnal Density of T est 



1 0.05 , 2.15 

2 0.20 2.12 

3 2.06 

4 0.50 2.00 

5 0.65 192 

6 0.80 182 

7 0.95 I.™ 

8 1.10 1.55 1 

9 1.25 140 

10 1-40 125 

11 1.55 110 

12 1.70 0.95 

13 1.85 0.80 

14 2.00 " 0.65 

15 2.15 0.50 

16 - 2.30 0.37 

17 2.45 0.27 

18 2.60 0.20 

19 2.75 0.15 

20 2.90 0.13 

21 3.05 0.10 
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on the vertical axis and' directly above its 
corresponding, step on the hoTizontal axis. This is 
continued until all 21 steps are plotted. (Step 1 of a 
negative test will be the densest step.) 

(6) The dots shown in figure 6-13 may then be 
connected, using a straightedge and French curve, and 
the result will be a characteristic curve. 

Labeling graphs. Since all characteristic curves arc 
similar in appearance, every graph should be labeled 
with all pertinent information. Information which is 
not recorded on the graph may be lost or forgotten, 
and the graph becomes useless. Items of information 
on the graph should include the following: (See fig. 
6-14.) 

• Labeling the vertical axis "Density of Test 

• Labeling the horizontal axis "Log E" or "Density 
of Original," depending on the type of graph being 
plotted. 

• The kind of material being tested. 

• The developer and development used (time, 
temperature, dilution, and agitation). 

• The gamma (y) obtained. (Y ou will learn howt^ 
determine gamma in a subsequent section.) 

AaalyziBf Characteristic Curves. The imyn 
function of sensitometry is to measure, record, and 
represent graphically the reaction of light-sensitive 
emulsions to varying conditions of exposure and 
development to analyze and interpret results. Thus, it 
is possible to determine the effective speed of the 
emulsion, its contrast, and its latitude, and useful 



exposure range. Also, the analysis of sensitometric 
curves provides the basis from which all sensitometric 
determinations emerge. Figure 6-14 illustrates a 
typical characteristic curve showing the various parts 
and their names. 

Horizontal axis. 'A logarithmic scale of exposures is 
used for the horizontal axis because it #ves correct 
representation of exposure changes. 

Vertical axis. A logarithmic scale is used for the 
vertical axis because it correctly represents the amount 
of silver formed in the negative. Remember that 
density is the log of opacity. Theory indicates and 
measurement, proves that density is directly 
proportional to the amount of absorbing material that 
is present in a given area. 

Notice in figure 6-14 that the first two steps show a 
slight and equal amount of density. This indicates that 
this area of the film has not been affected [by the light, 
and the density is due to the emulsion base and to the 
base fog which Is present to a certain extent in all 
emufsions. On the third step, a slight increase in 
density is shown. 

This is called the threshold and indicates the least 
amount of light that is required to produce a density 
which is perceptible. Exposures in this portion of the 
curve lack shadow detail. 

Toe section. The threshold is the beginning of the 
toe portion of the curve. The toe is a concave, rising 
portion that gradually increases in density. This 
section is defined as a region of unequal rise because 
density does not increase equally for an equal increase 
in exposure. 

Any subject tones exposed here will be reproduced 
with small, unequal density differences. These 
differences increase toward the right in the toe. At one 
time it wasieluh^this region of the curve was to be 
avoided. It is now^known that satisfactory exposures 
can be made with the shadow portion of the subject 
falling not too far down in the toe area. 

Straight-line portion. Farther to the right is a section 
of the curve that appears to approximate a straight line 
(In many cases, there is no well-defined straight line.) 
This part of the curve has a constant slope, and in 
addition, the slope here is greater than in any other 
part of the curve. 

The straight- line portion indicates that there is a 
corresponding and equal increase in density for equal 
exposure increases. This is the most important part of 
the curve because it represents the area of proportional 
brightness representation or correct exposure. 
Exposures arranged sO/that the subject tones fall on the 
straight line will produce constant maximum density 
% differences. 

Inertia point. When the straight line portion of the 
curve is extended to intersect a line extended from 
base plus fog, the point of intersection is called the 
inertia point. This point is sometimes used to measure 
emulsion speed or gamma. 
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Figure 6*13. Density-density characteristic curve. 
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Shoulder, The upper portion of the curve is a Conversely, if the subject consisted of tones all nearly 

convex, curved line, gradually decreasing in slope, alike, the negative could hardly be expected to contain 

called the shoulder. This^gam is an area where equals much variation in tone. 

changes in exposure do not produce equal differences The negative quality depends on density differences 

in density. Tones of the subject falling very far up in Twthe negative. These density differences must be 

this area will be blocked; that is, reproduced with related to the log E differences which produce them; 



densities too heavy for printing for maximum detail. 
For normal exposures, bright highlight tones of the 
subject tend to be reproduced in the shoulder portion 
of the curve. 

Density Differences. The vertical axis represents 
the densities in the negative. It shows the way in which 
the tones of the subject are reproduced by the negative 
material. Whether the general density level is thin, 
moderate, or heavy is of minor importance. What does 
matter is the difference between the tones. Of course, 
you should consider the detail that can be seen in a 
negative (whether the shadows are flat or full of detail 
and whether or not the highlights are blocked up.) This 
is what is meant in sensitometry by the term "density 
differences." 

Density differences depend in part on the log E 
differences with which the process started. If the 
subject has many widely separated tones, large density 
differences are to be expected in the negative. 



that is, density differences in the negative must be 
considered in their relationship with the tones in the 
subject. , / 

The density differences in a negative can be 
partially controlled by placing the exposures 
corresponding to the subject tories in the right portion 
of the characteristic curve. This is done by correct 
adjustment of the camera settings, provided that the 
range of tones in the subject is not too great 

Emulsion Latitude. The latitude of an emulsion is 
the exposure range over which a proportional 
relationship between density differences and log E 
differences is obtained. In other words, it is simply the 
range of exposures covered by the straight-line portion 
of the characteristic curve. 

The latitude of an emulsion, therefore, determines 
the brightness range of the subject which may be 
proportionally reproduced. Latitude may be expressed 
. either as the difference in log E values between the 
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Figure 6-14. Characteristic curve. 



extremities of the straight line or as the exposure ratio 
between these same two points. 

The latitude of negative materials varies, according 
to the purpose for which they were designed, from 1 to 
400 or more for a general -purpose panchromatic film 
to perhapi 1 to 20 or even less for process films. For 
any given emulsion, the latitude varies according to the 
gamma and becomes less as the gamma increases. 

Useful Exposure Range. The useful exposure range 
includes parts of both extremities as well as the 
straight- line portion of the curve without sacrifice of 
quality of tone reproduction. 

The lower limit of the useful exposure range is the 
point on the characteristic curve where the slope is 0.3 
of the average slope for a log E range of 1.5. The upper 
limit of the range has not been fixed definitely but is 
generally taken to be at the point on the shoulder of 
the curve where the fractional Slope is also 0.3. In 
practice, many photographers use a much lower upper 
limit because of the high densities involved. 

Exposure Latitude. Exposure latitude is the 
tolerance that is allowable in camera exposure for a 
given scene. If, for Example, the film latitude is 1 to 
400 and the.scene has a luminance range of 1 to 40, 



the exposure latitude is 10. The rpinimum exposure for 
the scene could be multiplied by 10, and the 
luminance would still fall within the latitude of the 
film. Exposure latitude is greater if the useful exposure 
range of the film is used, since portions of the toe or 
shoulder may be included along with the straight- line 
portion of the curve. 

Gamma. In technical terms, gamma (signified by 
the Greek letter 7) is a sensitometric quantity standing 
for the slope, or gradient, of the strafght-line portion 
of the characteristic curve of photpgraphic emulsions. 
It is corrimonly interpreted as a measure'of the contrast 
reproduced in a negative image; that is, the ratio of 
negative contrast to original subject contrast for a 
given range of tonal values. 

Therefore, one of the primary uses of gamma is as a 
yardstick, or measuring device, for determining the 
degree of development of photographic materials, 
since change in development varies contrast or the 
slope of the curve. (Exposure changes, as previously 
explained, shift the position of the points right or left 
on the log E axis without altering the slope of the 
curve.) 

Thus, the tendency is for exrJtosure to control the 
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Figure 6-15. Basic method of gamma calculation. 



density and for development to control the contrast of 
the image reproduced. Remember the expression, 
"Expose for density—develop for contrast." 

Mathematically, gamma is defined, for example, 
like the slope of a road. It is the ratio of the height 
gained to the distance traveled in a horizontal 
direction. In determining gamma, the height is density 
(D), and the horizontal base is the log of exposure Gog 
E). 

Materials capable of producing widely different 
gamma values are available. Normal photographic 
subjects call for films with a gamma value around 1.0, 
varying from 0.6 to 1.5. Such an emulsion will record 
the wide range of tones that are present in outdoor 
scenes. In practice, each'of the main groups of negative 
materials has its own individual characteristics. 
Gamma is useful to the photographer because it tells 
Him how his photographic material will respond to 
changes in exposure and processing. 

Defining gamma. A definition of gamma may be 
gained from the foregoing discussion. You can see that 
gammajmay be defined in different terms. Some useful 
definitions include the following: 



(1) Gamma is the numerical measure 8f the 
contrast reproduced in a negative image. 

(2) Gamma is a numerical measure of the degree of 
development (for a given material). 

(3) Technically, gamma is the slope of the straight- 
line portion of the characteristic curve. 

(4) Mathematically it may be defined as follows: 

(a) The ratio of the height gained (difference 
in any two densities on the straight-line part of the 
curve) to the horizontal difference between the jog E's 
that produced the two densities. 

(b) The tangent of the angle formed by the 
intersection of an extension of the straight-line portion 
of the curve and the horizontal axis. 

Gamma determination. Once the curve has been 
plotted, gamma can be determined by several methods. 
Fpur methods are. presented here. j 

(1) Basic method—this method, shown in figure 
6* IS, involves the ratio between densities apd the 
exposures which produced them. Any two points on 
the straight line are chosen, (More reliability tends to 
result if the points are widely separated. ) Gamma is the 
result of dividing the change, or difference in density, 
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by the difference in log E between the two points. The 
formula is: 



Gamma 



AD &1 - &2 
Alog £ lof Ej - loj 



A (delta) is the Greek symbol for change or 
difference. 

(2) Graphic method— from the point where an 
extension of the straight line portion crosses the 
horizontal axis, move to the right a distance of 1.00. 
Construct a dotted vertical line to intersect the straight 
line portion of the curve. Gamma may then be read 
directly from the values labeled on the vertical axis at 
that point. 

(3) Quick method — use a gamma meter (a 
transparent overlay). The arrow point is placed on the 
straight-line portion of the curve with the base line of 
the meter parallel to the log E axis. Gamma is 
indicated where the straight line intersects the scale. 

(4) Simplified method — select a point on the 
straight-line portion of the characteristic curve at one 
of the minimum densities. From this point, count over 
SO spaces in a horizontal direction. Now count the 
numbjfer of spaces in a vertical direction until you 
intersect the strajght-line portion of the characteristic 
curve. Multiply this figure by 2 and divide by 100. For 
example, if you had counted up 40 spaces, the 
calculation would be as follows: 



2X 40 
100 



line densities in the density vs density curve will have 
the same density differences. Of course, Sensitometric 
curves made with different exposures would occupy 
correspondingly different positions on a graph. 

As mentioned earlier, increasing development 
increases gamma, but only to a certain point (gamma- 
infinity). Ultimately, extending development has no 
effect on the slope of the curve, and gamma does not 
change. When this happens, the effect of further 
development is seen chiefly in the fog level. The point 
at which gamma-infinity, as it is called, occurs varies 
mainly with the emulsion, and this provides valuable 
information concerning films. However, since it T is 
also affected to some degree by the developer used, 
gamma- infinity is usually considered in terms of film 
developer combinations. Typical infinity values for 
some different types of emulsions when processed in 
the developers normally used for them are as follows: 

a. High-speed portrait film 1.2 

b. High-speed press films 1,7 

c. Commercial films 2.0 

d. Process films 3.0 

Exercises (666): / 

1 . The vertical and horizontal axes of a characteristic 
curve are used to chart what values? 



2. How is the log of exposure for a particular step 
calculated? . 



■ 0.80 * 0.8 gamma 



or 



40 

50 



0.8 gamma 



3. Each axis of a characteristic curve is marked off in 
units of what value? 4 



Significance of Gamma. Gamma is often referred 
to as "development contrast," but this is just partly 
true. Since gamma is concerned solely with the straight 
line pojrtion of the curve, it can only indicate the con- 
trast of that portion. It is a useful measure of degre^ of 
development and is a valuable processing control. An 
increase in gamma indicates an increase in develop- 
ment, all other parameters being unchanged. An in- 
crease in time, temperature, agitation, or developer ac- 
tivity results in increased gamma; and a decrease in 
any of these factors results in decreased gamma. A 
moderately energetic developer can produce high gam- 
ma if the time, temperature, or both are stepped up. 
Mdreover, the reverse is true. A high energy developer 
can be made to produce low gamma if the other factors 
are held back. 

It is important to remember that gamma relates only 
to development — not to exposure. A photographic 
negative developed to a predetermined gamma will 
possess that gamma regardless of the exposure. The 
densities in the negative which correspond to straight 



In a density vs density curve, each axis represents 
what values? 



5. What does the toe section represent? 



6. What is the threshold? 



What does the straight line portion 
represent? 



423 



of a 



curve 
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8. What part of the subject will be recorded in the 
shoulder of the curve? 



Wttltfe. 



9. Define emulsion feuitui 



10. Useful exposure ranges over what parts of the 
characteristic curve? 



11. What is the technical definition of $amma? 



12. Describe the graphic method of finding gamma. 



13. Gamma is primarily affected by what part of the 
photographic process? 



14. Extreme overdevelopment, will cause an increase 
in what level? 



*67. State the principles and procedures related to 
the replenishment of developers. 

Effects Resulting From Use of Developers. With 
use, the activity of the developing solution changes. 
The used developer becomes slower in iti reaction; 
and as a result, a longer development time is needed to 
achieve the same result. There is therefore an effective 
loss of film speed as the developer deteriorates. The 
change in the activity of the used developing solution 
is the result of chemical changes that take place within 
the solution. 

Chemical changfes in the developer are the result of 
the following: \ ^ 

• Chemical reaction of the developing solution 
with the silver halidei of the emulsion; 

• Action of the airiupon the solution (oxidation). 

• Loss of solution through carryover. to the 
following tank. 

• Dilution of the developer (when a 
predevelopment bath is used). The most significant of . 
the chemical changes are those caused by the chemical 
reaction of the developing solution with the silver 
halides and the air. , 



As the developing solution reacts with the silver 
/ halides, metallic silver is formed i n the emulsion and 
• complex reaction byproducts are formed in the 
s - developing solution. The most significant of these 
vreaction byproducts are the bromides and iddides. The 
reason they are significant is that they have a 
Restraining effect on the developing agent. The 
developer-silver^halide reaction tends to cause the pH 
pf the developer to drop. 

The reaction of th6 developing solution with the 
surrounding air creates oxidation byproducts which 
are not useful but v^hich cannot be avoided. Aerial 
oxidation of the developing solution tends to raise the 
f pH of the developing solution. The reason the pH 
tends to rise is that sulfonates are formed as a result of 
the oxidation process, and these sulfonates are 
alkaline. 

In addition to the depletion of the developing 
agents, there is a simultaneous depletion of the alkali 
and sulfite. However, the restraining action of the 
iodides and the bromides which accumulate in the 
developing solution is more significant than the 
reduction of developing agent, alkali, and sulfite. 

Detection of Developer Deterioration. You 
cannot detect the degree of exhaustion of the 
developing solution just by measureing its pH. The pH 
is lowered by reaction between the developing agents 
an<J the silver halides, but it is raised by the reaction 
between the developing agents and the air. Nor can 
specific gravity measurement by itself provide you with 
much useful information about the used developing 
solution. 

You can pheck the deterioration of the developing 
solution through detailed solution analysis. In such a 
procedure, you must analyze jhe solution for Metol, 
hydroquinone, bromide, sulfite, and carbonate con- 
tent. Through this type of analysis,you get exacting in- 
formation about the degree of deterioration. 

If neither pH measurement nor specific gravity 
measurement can give a concrete indication of 
solution deterioration, and complete analysis of the 
developing solution is noFWactical, how can you 
detect deterioration of the developing solution? One 
of the easiest methods for doing this is to monitor the 
results that are produced by the solution. Use sen- 
sitometric methods and use them frequently. 

If you process totally standardized sensitometric 
control strips when the solution is fresh and when it is 
being used, you will be able to spot any significant 
changes in the solution. 

. If you have serious doubts about the quality of a 
.given solution, you can always process a standardized 
control strip by itself to verify the adequacy of the 
solution!. 'This will avoid possible damage to critical 
film. ' ; 

To determine solution performance, you compare 
the results of characteristic curves prepared from the 
tests made in used solution with the characteristic 
curves prepared when the solution was fresh. Changes 
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in the characterise .curves are normally used as the 
basis for determining when (tie developing solution is 
no longer adequate. „ 

Developer Repleaisher. Not only must the 
replenisher solution add chemicals which have been 
used up in the processing of sensitized materials, but 
the replenisher must also lower the concentration of 
the iodides and bromides which have accumulated in 
- the- used -solution. Satisfactory replenisher formulas 
; depend upon the processing conditions used, the type 
[ of solution, and the kind of photographic material 
being processed. Storage conditions, frequency of use 
of the developer, the amount and type of agitation, 
aenal oxidation, how much the sensitized material was 
exposed, and the degree of development also figure 
into the compounding of a satisfactory replenisher. 

fhe constituents normally found in the replenisher 
solution are water, reducing agents (example, metol), 
sodium sulfite, and an -alkali (example, sodium 
carbonate). The replenisher contains no bromide, in 
fact, as previously stated, it is normally designed to 
add z sufficient amount of solution to the existing 
developer to dilute the accumulated bromide* and 
iodides to a suitable level Most developer fonnulas 
have accompanying replenisher formulas so that you 
do not have to determine the exact amoun&rf each of 
the chemicals that are to be added* However, you 
should remember that an emergency replenisher 
solution can usually be compounded by mixing a 
modified solutiop of the developer itself, omitting the 
bromide. Solutions prepared with such a replenisher 
solution cannotVx expected to maintain the 
consistency of resultrifa^ryou would get if you used a 
properly jmppounded replenisher. .There will, 
however, Be? significant extension of the useful life of 
the developing solution. 

NOTE: There are packaged replenished which are 
simple and easy to use and therefore do not call for 
„ compounding of a formula. In fact, many color kits 
come with replenisfcers. 

Methods of Developer Replenishment. 
Replenishment is normally done in one of two ways: 

a By intermittently adding given amounts of 
replenisher as specific amounts of material have been 
processed in the solution. Normally, the 
manufacturer indicates how many milliliters of 
replenish?* to add per square foot of processed film. It 
is therefore necessary to keep a running total of how 
many sheets or rolls of film have been processed. 
Through calculation you can determine how many 
rolls or sheets to the square foot. 

This method of replenishment is normally used in 
hand processing. The correct procedure is to take out 
an adequate amount of solution from the tank. Then 
' vou pour in the correct amount of replenishment 
^tkally you bring the solutiop up to level with the old 
solution that you carried out in step one. This prevents 
the tanks from overflowing, which will happen if you 
simply pour in the replenishment Solution. 



b. By continually adding replenisher at a calculated 
rate of flow, when processing is being done con- 
tinuously. This is used in machine processing and is 
normally done through a pumping system which is 
controlled by a metering system. 

NOTE. In certain cases the developer solution is 
not replenished, but the processing time is gradually 
increased as more and more sensitized material is 
handled. 

End point for Developer Replenishment. The 

process of replenishment, even with the application of 
precise analytical procedures, cannot be continued 
indefinitely. At some point the used solution must be 
discarded, and processing must be resumed with fresh 
solution. Impurities tend to collect in the used 
developing solution. These impurities are reduced 
silver sludge, calcium sulfite sludge, gelatin, 
degradation jpjfflducts of gelatin, dust, colored 
oxidation piydJKs (which tend to stain the gelatin), 
etc. It shoufd be standard practice for your laboratory 
to dump tte solution whp" there is a possibility that 
the accumulated impurities in the used developing 
solution may cause image deterioration. 

Exercises (667): 

1 . List four factors which cause the deterioration of a 
developer. 



:. What significant byproducts are formed during 
development? J^hat effect do they have on 
developer performance? 

3. What testing method is probably best suited for 
indicating the changes of a developer solution? 



4. What are the normal parts of a developer 
replenisher? 



•4. Rate of replenishment is normally based on what 
factor? 



6. When replenishing a tank, why must you first 
remove some of the solution? 



7. When do you reach the end point of 
replenishment? 
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66S. State the principles of procedures related to the 
refHeaislwieiX of stop baths. 

Replenishment of Stop Baths* The common acid 
stop bath is a simple acidic solution which neutralizes 
the alkali of the developing solution. B> acidifying the 
developer carried over in the emulsion, the stop bath 
places the developing agents in an acidic environment 
and their .activity becomes minimized. The secondary 
function of the stop,bath is to minimize the carryover 
of alkaline developer into the acidic fixing bathes 
thereby prolonging the life of the fixing bath. Because 
of the reaction of th$ stop Wth with the developer, 
exhaustion of the stop bath is inevitable. A^times it is 
not feasible to replace the stop bath; and, in such cases, 
you must replenish it 

Effects resulting from use of stop baths. As the stop 
bath is used, the acid of the bath is neutralized by the 
carryover of alkaline developer into the stop bath 
solution. The reaction byproducts are insignificant, 
but the drop in acidity tends to make the stop bath 
ineffective. 

' Detection of stop-bath deterioration. Deterioration of 
a chrome-alum stop bath is accompanied by a color 
change from purple to a yellowish greeS. When this 
change occurs, the bath should be discarded 

* immediately and replaced with fresh chrome-alum 
stop bath. 

Detection of deterioration of the acetic acid stop 
bath is not as simple, since there is no visible change in 
the solution. The pH offhe solution is the measure of 
its adequacy. For best results the pH of the acetic acid 
stop bath should be maintained between 4.0 and 5.0. 
You can measure the pH with a pH meter, but under 
average conditions you don't need a measurement that 
exact. Normally one of thocommon pH indicators will 
suffice. For example, you can measure the pH of the 
stop bath conveniently by rising pH test paper. Briefly 
immerse the test paper in the stop bath and compare its 
color to the standards supplied with the paper. Since 
the color changes as the test paper druss, be sure you 
make the comparison immediately after the strip is 
removed from the solution. 

Additives in the stop bath replenisher. You can 
replenish the stop bath by adding appropriate amounts 
of a strong solution of acetic acid. Calculate the 
strength of the solution so that you maintain a constant 
level of solution in the tank.and yet have the correct 
amount of acid to bring the pH to the desired level. 

End point for stop bath replenishment. The end point 
° for replenishment of the acid stop bath occurswhen 
there is a sufficient accumulation of foreign material 
in the bath to endanger the photographic image. 
. Because of the relatively low cost of the stop bath, it is 
wise to change the bath any time you must shut down 
operations to replace the developing solution or the 
fixing solution. This change in the stop bath does not 
increase the shutdown time significantly, and it assures 
you that the stop bath is adequate. 
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* Methods of stop bath replenishment. The 
replenishment of acid stop baths can' be done 
intermittently or continuously, depending oh which of 
the two methods is more convenient When the stop 
bath is being used in conjunction with a continuous 
processing machine, continuous replenishment is 
usually used. One or two tests per day are usually suffi- 
cient to assure you that the solution is being main- 
tained, at the desired strength. If this frequency of test- . 
ing indicates that thfe concentration of the hydrogen 
ion exceeds the acceptable limits, you should alter the 
replenishment rate until an acceptable rapge of pH is 
maintained by the replenishment system. ( 

Exercises (688): 
1 . State the two functions of an acid stop bath. 



2. As a stop bath is used, what takes place to make it 
ineffective? 



3 What visible change takes place as a chrome-alum 
stop bath deteriorates? 



4 At what pH levels should an acetic acid stop bath 
be maintained? — 



5, What additive is used to replenish an acetic acid 
stop bath? 



6. What is the end point for replenishing an acid stop 
bath? 



7. When would you use continuous stop bath 
replenishment? 



669. List and explain the principles and procedores 
related to the replenishment of fixing baths. 

Replenishment of Fixing Batht* You lenow that 
fixing baths tend to wear out. Satisfactory 
replenishment of fixing baths depends upon a great 
many things because of the complexity of the solution 
and the complexity of the changes which it undergoes 
during use. 

\ 
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Effects resulting from use of fixing baths. We have 
covered in general many of the things that take place in 
fixing baths as they are being used, now we shall be 
more specific. 

Carryover is one of the problems encountered. 
Carryover of previous solutions into the fixing bath 
and carryover of the fixing bath into the wash cause 
some specific changes m the" fixing bath activity. 
Carryover of the previous solutions into the fixing 
bath tends to dilute the chemical components of the 
fixing bath, the net effect is to increase the clearing 
time. But, in addition, if the preceding solution is a 
water bath, there is a significant dilution of the acidity 
of the fixing bath on the other hand, if the preceding 
solution is a strongly acidic stop bath, the acidity of the 
fixing bath may be raised. The carryover of alkaline 
developer tends to neutralize the acid and to convert 
the bisulfite in the fixing bath to sulfite. 

Carryover of the fixing bath into the wash depletes 
the silver halide solvent chemicals of the fixing bath, 
and this, m turn, increases the clearing time. Also, the 
fixing bath acidity is reduced because of the carryover 
of the fixing bath acid into the wash. 

Chemical reaction of the fixing bath with the-' 
emulsion is a multifold action' 

• Complex silver compounds called 
argentothiosulfates are formed. This reaction tends to 
use up the thiosulfate. i 

• Neutral salts are formed. In high concentrations 
these salts work as retardants. In low concentrations 
these same neutral salts work as accelerators. 

• Iodide is liberated in the fixing bath. Not only 
does the iodide retard the action of the fixing bath on^ 
the silver halides, but it also has the effect of 
depressing the solubility of the bromide. The net effect 
js retardation of the clearing action. 

• Exhaustion of the fixing bath is accompanied by 
exhaustion of the sulfite. The loss of sulfite is not too 
significant, since the other activities usually bring 
about deterioration of the fixing bath before the sulfite 
is exhausted. 

Deterioration of fixing baths. Deterioration of the 
fixing bath usually comes about in stages. The first 
property of the fixing bath to change significantly is its 
acidity. After the acidity drops below the required 
level, there is a loss of hardening properties.* Then 
clearing time increases; the clearing time increase is 
partially due to the exhaustion of the hypo, but 
primarily due to the concentration of the iodide. 
Ultimately the fixing bath forms complex thiosulfates 
which are insoluble and which cause the image to 
deteriorate after it has been washed and dried. 

NOTE When a chrome-alum fixing bath exceeds a 
pH of 6.5, a precipitate of chromium hydroxide forms 
on the surface of the emulsion. 

A good guide to the degree of exhaustion of the 
common potassium- alum fixing bath is provided by 
the use of pH indicator papers, since the change in 



acidity is the first serious change in tbe^/ixing bath 
characteristics. 

Additives in the fixing bath rtpienisher. The life of a 
potassium-alum fixing bath can be extended by the 
addition of a replenisher composed of a sufficient 
quantity of acid to bring the pH otfthe solution up to 
its normal level and a sufficient quantity of hardening 
agent to harden the emulsion satisfactorily. However, 
the extension of the life of the fixing bath is limited 
because of the accumulation of iodide and silver. 

Bisulfite in the fixing bath can be regenerated by 
very cauuous addiuons of dilute sulfuric acid. This is a 
very critical operation because any excess of acid will 
cause decomposition of the thiosulfate. This type of 
replenishment should be done only when you are well 
aware of the complications involved. 

Boric acid is sometimes added to the fixing bath to 
extend its useful life. 

Usually the replenishment of fixing baths (with the 
excepuon of minor extensions in their life) is not 
considered practical unless a silver recovery process 
can be used on the solution prior to replenishment 

End point for fixing bath replenishment. Regardless 
of the replenishment process used, the useful life of 
fixing bath is ultimately limited by the accumulation of 
the iodide in the bath. This is true even of fixing baths 
that have been regenerated through silver recovery and 
appropriate replenishment. 

Methods of fixing bath replenishment. Since you may 
be using extremely large volumes of fixing bath, it may 
prove economical to apply a practical system of 
replenishment in conjunction with silver removal. 

Essentially the silver removal process consists of 
immersing two electrodes in the used fixing bath and 
passing a current between the electrodes. The anodes 
are usually made of graphite, but the cathodes may be 
either graphite or stainless steel. As current is passed 
through the ionized fixinybath (which must be acidic), 
the sodium ions tend to migrate to the cathode. 
Argentothiosulfate ions tend to migrate toward the 
anode. The sodium atoms formed at the cathode react 
with neighboring ions in the solution (including the 
argentothiosulfate ions). The reaction liberates free 
silver if there is a sufficient concentration of the 
argentothiosulfate ions. However, if there is a shortage 
of argentothiosulfate ions, the sodium tends to react 
with the thiosulfate ion*. The product, among other 
things, is sulfide ions. These sulfide ions then react 
with the argentothiosulfate ions to form silver sulfide. 
The silver sulfide discolors the fixing bath. (This 
particular action shows the importance of having the 
fixing bath sufficiently saturated with stiver when 
regeneration by electrolysis is used.) Filtering the 
solution is necessary prior to and during the 
electrolysis. Note that unless there is a sufficient 
concentration of silver in the bath, removal of 
electrolytic silver is not practical*. To* assure an 
adequate supply of argentothiosulfate ions, the 
solution is usually stirred vigorously (so that high 
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kvtk of current may be used). Another method of 
achieving a practical rate of silver recovery is to use a 
very larfe electrode surface. 

Replenishment consists of discarding parts of the 
solution and replacing this discarded solution with 
property compounde<f fresh fix-bath replenisber. 

When large amounts of fixing bath are involved, it 
is worthwhile to recover the iodine. Iodine can be 
recovered from a used fixing bath by adding a 5* 
percent solution of thaikxi* sulfate- The reaction with 
the fixing bath results in the precipitation of thallous 
iodide. Iodide can then be recovered by 
decomposition of the thallous iodide. 

Exercises (669): 

1. What is the effect of the two types of carryover on 
a fixing bath? 



2. List the four chemical reactions that result from 
the interaction of the fixing bath with the 
emulsion. 



3. Identify the^bur stages in the deterioration of a 
fixing bath. 



4. To have an effective replenishment program, it 
should be in conjunction with what procedure? 



5. What causes the end point of fixing bath 
replenishment? 



6-10. Ccmpvte Analysis for Repeatability 

Statistical control is important in mass-production 
photography because of the great deal of raw data that 



is produced in the act of controlling the photographic 
product Through statistical control methods, you can 
reduce the raw data to meaningful data. By arranging, 
plottj% and analyzing the data, you can create norms 
V and limits for the process. After you have done this, 
*you then make continuing comparisons with the 
standards you have set to determine bow well the 
process is operating. 

In this section we will discuss the use of control 
charts that help you to keep track of your processing 
graphically. 



670. Complete statements on the we of control 
charts* 

Variability* The term "variability" signifies 
change, uncertainty, and deviation. The term 
' "variance" is a mathematical expression used to 
describe the measurement of variability. Variability is 
characteristic of all things in nature as well as all n#n- 
made products and man- devised processes. No two 
natural objects, man-made products, or processes are 
exactly alike. Some differences, however slight, alwsfys 
exist Often the differences are so small that they can. 
only be detected by extremely sensitive measuring 
devices, but the differences exist nevertheless. 

Since you work in a field which is highly technical, 
you are forced to recognize the existence and the 
importance of variability. In your job you need to 
measure variability, to record variability, and when 
possible to control variability. M^st of the time you do 
this by employing a sampling technique (based on the , 
laws of probability), by graphing and charting the data 
samples, by analyzing the graphs and charts, by 
assigning numerical values to the deviations that 
occur, and by controlling future operations through 
application of the knowledge gained. * 

Control Charts, Although nothing in life is 
constant, extensive observation shows the existence of 
what might be called a constant cause system. This 
suggests, that while a representative process produces 
results that vary, they fall within certain limits most of 
the time. The same percentage of results will fall 
within these limits as long as the constant cause system 
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continues to operate; we can therefore consider that 
, we have a stable distribution of results. When a process 
produces results that display stability, we can say that it 
is in statistical control. The control chart is our means 
of knowing whether or not our process is in statistical 
control. 

The control chart is a progressive line graph such as 
is shown in figure 6-16. It consists of two axes and 
three lines. The first, or horizontal, axis may be 
"Marked off in periods of time, frequency, or in some 
other way, The vertical axis is marked off in whatever 
unit that you may be using in the measurement of the 
sample. It may be gamma, pH, density, or another 
unit The center line of the chart is the mean, or 
process average, and is the line upon which you wish to 
base your measurements. The two other lines,, one 
above and one below the average, are the process 
limits. These may be based, as they usually are, on the 
standard deviation, or they may be based on certain 
product specifications. In the figure the horizontal axis 
is shpwn as frequency, or time increments. Generally, 
control charts are marked off into xlays of operation, 
but any time or frequency unit might be used, 
depending/upon your operation and the amount of, 
control yyTneed to employ. The vertical axis is 
usually marwataffjn some unit of measurement. In a 
process control chart, the unit might be "gamma." The 
upper dashecttme, labeled "UCL" is the upper control 
limit, and the lower dashed line, labeled "LCL." is_the 
lower control limit The center line, labeled "X," 
shows the process average., 

Hand Rconirol charts. Figure 6- 1 6 illustrates one of 
the two t?asic types of control charts. Since its center 
line delineates the process average (the symbol X 
signifies individual observations, and the bar over the 
X indicates that the individual values are averaged), 
this chart is called a chart of averages, or an X 
(pronounced "X-bar")_chart The second basic control 
chart type is called an R (pronounced "R-bar") chart, 
or range chart, and is based on the ranges of values of 
the observed individuals (see fifr 6- 1 7). 

To learn hpw these charts are used, let's assume that 
you are keeping control charts on pH determinations 
of samples taken from a film processing machine. Let's 



say that you take 5 samples a day. After 6 days you 
have accumulated the data shoWjUrt table 6-5. You 
might stan a range chart after tKe first day and plot on 
it the range or difference between the high and low 
readings for the day. At the end of the second day you 
would plot a point corresponding to- that day's range, 
and connect the two plots with a straight line. You 
would continue to plot and connect pojnts-for as long 
as you keep the range chart After 6 days your range 
chart would look like figure 6-J8. At the end of the 
sixth day you calculate that the R is 1 . 1 and you draw 
the appropriate line through the chart; but, as yet, you 
afre unable to establish any meaningful control limits.' 
Your next step is to construct a chart of averages and 
to calculate control limits for both. Figure 6-19 
illustrates a chart of averages, using the data in table 
6-5. . 

Note that >our plots reflect the average pH reading 
for each day. therefore, the center line of your chart 
gives you the average of averages and is labeled X 
(called X-double bar, or X-bar-bar) to indicate that 
fact., • - T 

Establishing upper and^lower control limits. Control 
limits can be established through your own experience 
or standards set by the manufacturer of the chemistry, 



TABLE 6-5 

pH READINGS OF A DEVELOPER SOLUTION IN A FILM 
PROCESSING MACHINE 
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Figure 6-2<X Normal control chart 
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figure 6-23. Typical pH record chart 
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Figure 6-24. Typical proem inspection slip. 
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etc- These limits are then drawn on your chart as 
shown in figure 6-16. If your plotting! go above or 
below these limits, it is a warning to you that your 
processing may be off, and you should conduct the 
necessary tests. In fact, if you plot 5 to 7 points in the 
same direction, such a trend should be warning 
enough even though it does not go out of limits. 

For your reference, check figures 6-20 through 
6-22 which show a normal chart, a trend, and one 
showing the effects of replenishment. 

Interpreting control charts. Now let us analyze our 
average and range charts and obtain the information 
contained in them. First, let us analyze them separately 
and then in conjunction with each other. Looking first 
at the range chart (fig. 6-18), you can see that the 
operation is apparently within good control. If this 
were a new process that had just been started, it would 
apjfcar that for the first 3 days the process was covering 
a large range and was not under very good control but 
that on the fourth day some corrective action had been 
taken, bringing the range nearer to the desired point If 
the range were to continue at this lower average point, 
it might be desireable at some future date to lower the 
process average to conform more closely to the actual 
process average range. 

When analyzing the average chart (fig. 6-19), you 
will note an entirely different pattern. All points are in 
good control, but there is a definite unevenncss tor 
their movements. It is normal in any random process 
that the points continuously vary above and below the 
average line. On the first day the average pH reading 
was above the process average. On the second day it 
was below the average, and on the third day it had 
moved up again. After d)is, the plots seem to follow 
the process average a little more closely, although it 
would be necessary to obtain more readings to draw a 
definite-conclusion here. In comparing the two charts, 
more readings should be obtained before njaking 
definite conclusions; however, it would appear that the 
process for the first 3 days was erratic and not very 
stable, but that at the end of this period a tendency was 
beginning to develop, indicating an improving 
condition. 

Application of control charts. In an Air Force 
laboratory where quality control is practiced, control 
charts afeHsed in 3 major areas. These are chemistry, 
sensitometry, and final product quality. In the 
chemistry section, control charts are used to monitor 
the quality of fresh mixes and to record the analytical 
data pertinent to a process run. In all probability your 
laboratory uses various forms for convenience in 
accumulating data to be plotted on control charts., 
Figure 6-23 is a pH record chart typical of those in 
current use. You will have, or should construct, 
similar record charts for all of the analyses you 
conduct, including pH and specific gravity 
measurements of processing solutions taken 
periodically during the run. 



Sensitometric data is usually entered on a process 
inspection slip similar to that shown in figure 6-24 and 
later transferred to a control chart The control charts 
are usually inspected hourly in large-scale production 
laboratories* If the process is in control, nothing is 
done to change it. But at th£ first sign that the process 
is going out of control, an investigation is started 
immediately. Process control charts are posted near 
the machine they record and are generally large 
enough so that the information plotted on them is 
visible from some distance. 

These are just a few of the record slips and control 
charts that you might use during your career. It is 
impossible to cover every slip and chart in a CDC of 
this sort; however, if you apply the principles you have 
learned, you can handle any situation you may meet. 
We, wish to emphasize that the control chart is a tool to 
assist those who understand the process. You must not 
only keep control charts but you must also know why 
you keep .them. 

Exercise (670): 

1. Complete statements on control charts. 

a. is a characteristic of all things in 

nature and nianufactured products. 



b. The control chart is a way of knowing whether 
a process is within • 



c. X stands for the fflrpcess 



d. A center line which gives you Jthe average of 
averages is indicated by an • 



e. A range chart indicates the difference between 
the and readings. 



/ 

f. A trend is indicated by to 

points in the same directions. 



g. Replenishment should normally cause an 
in the level of your plottings. 



h> In any random process, the points will vary 
above and below the • 
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Answers for Exercises 



CHAPTER 1 



CHAPTER 2 



Reference: 

600-1. 

600-2. 



600 
600 



600 

600 
600 



601 • 1. 



601 - 2. 



601 -3. 



602 - I. 



Without a strong point of interest the viewer will not 
understand the purpose of the photograph. 
The three techniques you can use to simplify a 
photograph are moving closer to the subject; choosing 
a plain background; and letting the lighting emphasize 
the subject. 

A high horizon line can give the appearance of depth 
and distance. 

The purpose of a leading line is to guide the viewer s 
eye to the subject 

The subject will appear pretty sharp while the 

background will be blurred. 

Haze in a scenic will give a feeling of depth. 

The appropriate use of a filter can prevent the blending 

of tones that obscure detail. 

Diminution is the characteristic of objects in the 
background looking smaller than those in the 
foreground even though they are of the same size. 
Foreshortening is a form of distortion whereby 
foreground objects appear to be disproportionally 
large. ? 
Foreshortening can be prevented in portrait wore oy 
maintaining a reasonable shooting distance and using a 
tdephpto lens to achieve the appropriate image size. 
A view camera with its many adjustments can achieve 
distortion free imago to a degree not possible with 
other types of cameras. 

a. Camera angle is a key factor in how the subject will 
look. By changing the camera angle, it is possible to 
have the subject look more imposing or distinctive. It is 
therefore a good idea to check out the subject from as 
many angles as possible when you are shooting. 

b. All elements in the picture must contribute to the 
whole. Whenever possible the photographer should 
adjust the various elements until they make an effective 
arrangement When the subject cannot be moved the 
photographer must rely on camera angle to make an 
effective composition. . 

' c Equipment can extend your picture possibilities. 
Lenses, filters, and lighting equipment can help you 
achieve the visual result that you want 

d. The point of focus and the degree of depth of field 
will determine what the viewer will see sharply. This 
will in turn determine where the picture emphasis will 

e. The tones of gray and the contrast relationship 
between them will affect how the viewer sees the 
picture. 



60S* 1. 
603 - 2. 



604 - 1. 



605 • I. 



605 • 2. 



605 
605 



605,- 5. 



606 - 1. 



607 - 1. 
607 - 2. 
607 - 3. 



607 • 4. 



a. any. 

b. even. 

c. 45V 

d. light. 

c. bounce; polarized. 

lb 
2d 
3c 
4a 

You need to use high-contrast film. High-contrast film 
is necessary to maintain maximum separation between 
the white background and the black lines of the line 
subject. 

A dark green filler. . . 

When copying a magazine page you should back it with 
bUck paper so the lettering on the back side does not 
show through. 
A blue filter. 



3a 
9b 
lc 
5d 



6" x 8". 

r x iv«". , ^ 

Bellows extension = 8 x (I + 1) = 16 inches 
Subject distance = 16 + 1 = 16 inches 

. . # . 16 inches* = 256 =4 

Bellows extension factor = 8 mchc5 J M 

f/8 at 1/2 second (4 x -~) 

Bellows extension= 12 x (2 + D - 36 inc£« 

Subject distance = 36 +^- = 18 inchcs 

_ „ e 3 6 inches _ o 

Bellows extension factor = -rr~. — ~ ~" 

f/1 1 at 4 seconds 



608 • I. 



609 - I. 



12 inches 



a. False 

b. False 

c. True 

d. True 

e. True 

a. 4 x 5 

,b. 4 

c. 105mm; 135mm* 

d. self-cocking; I second; 1/125 

e. 4 150 ! 

f. reflex < 

g. 360 
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610-1. 



610-2. 



610-3. 



610-4 
610-5. 



611 - 1 



612 • 1. 



613 ! 



614 - 1. 



6M • 2. 



614 . 3. 



614 .4. 



614 • 5. 



615 • I. 



615 - 2. 
615-3. 



615-4. 



616- 1. 



CHAPTER 3 

Individual characteristics are molded from biological- 
genetic, cultural, sociological-economic, and 
(Mythological factors. 

Two main factors which determine a person's 
intelligence are the biological-genetic and the 
environmental 

A race is a group of people with a common physical 
appearance. 

A nationality is a grot/p of people with a common 
culture. 

To be a member of. a group you must exhibit 
characteristics and be accepted by it. 
By bang thoroughly professional you can handle 
photographic situation you are placed in. 

The 5Ws are ihe who, what, where, when, and why of 
each event. Who covers the participant*. What is the 
action. Where is the place. When covers the time. Why 
is the reason for or significance of the event. 



I 




Dewey decimal system, 
ten. 



seven. 



c. 

d. title, subject, author. 

e. Magazines. 

The three factors are product desired, shooting 
conditions, and time requirement The product desired 
will determine the type of film, processing, printing, 
and camera choice. The shooting conditions will also 
determine the type of camera ancTptrticularly the 
accessories that will be needed. Time requirements will 
often call for a particular type of material or limit the 
number of shots. 

A visual check gives you a r good indication of the 
condition and usability *of a piece of equipment. 
By performing operational checks you better insure 
that you will not experience a malfunction. 
Preventive maintenance prevents excess .wear or 
damage to equipment. 

Three preventive techniques are making adjustments, 
cleaning, and lubrication. Making adjustments is 
tuning a piece of equipment so it conforms to 
specifications. Oeaning will help keep down dust or 
dried chemicals that can ruin any step in the 
photographic process. Proper Lubrication will prevent 
wear. 

Limitations on operator maintenance are set out by 
applicable regulations and technical orders. They are 
also affected by the availability of maintenance 
personnel and maintenance beyond the lab. 

A personality portrait should highlight the individual. 
It is more than a record shot and is often used to 
highlight the individual's accomplishments. 
The three categories are personality portraits, key man, 
and officer portraits. 

Only by keeping up with AFR 36-93 can you be sure 
that your portraits will conform with the regulation. 
You have to exercise tact because you will often have to 
advise an officer regarding his appearance in terms of 
conformance with AFR 36-93, 

a. retouched; enlarged ? 

b. freeze 

c. eyes 

d. limited 

e. upper chest 

f. 6" 



one 

modeling 

toward 

away 

3:1 

lighting ratio 
background 
hair 
8 feet 



730 



A barn door controls spill light and permits complete 
directional control of the light. 
A msifire results in an audible warning and an 
indicator lights up next to the specific outlet on the 
power supply unit. 
618-3. The vertical height of a light unit is controlled by a 
telescopic riser. 

618- 4. Frayed cords and overloaded circuits are two typical 

safety hazards. 

619- 1. Identification photography " provides the necessary 

photographs to be used in identification procedures. . 
619 - 2. Passport pictures must withstand mounting 
temperatures of 200°F, so they must be printed on 
good materials. 

619 • 3. By having individual passport pictures, each member of 

the family will have the freedom to travel, which would 
not be possible with a group picture attached to a single 
passport. 

619*4. 45" 1.1 flat lighting is used in identification 
photography. 

620 * 1. Good composition is necessary to attract a reader's 

attention. 

620 - 2. The three basic shots are long, medium, and closeup. 
1 The long shot establishes the overall scene. A medium 

shot movestin to show the subject in its, immediate 

surroundingsYThe closeup shows story-telling detail. 
620 • 3. Timing is nectjsary to capture the fleeting moments 

that best tell thestery. 
620 - 4. The four parts are explanation of the action; 

identification of persons or objects in the photograph; 

additional details or background -information; and 

credit line. 

620 - 5. Four different methods of identification are action, 

contrast, elimination, and from left to right. 

621 -1. Repeated identity would be suitable in a story that 

emphasizes the accomplishment of an individual. 
62 1 - 2. Simple chronology can be used to put together pictures 
which do not have a direct relationship of one to 
another other than that they deal with the overall 
subject. The photographs therefore can simply be put in 
historical order. With narrative chronology the 
photographs have a particular story telling sequence 
which must be followed to impart understanding. 

62 1 - 3. Contrast continuity could be used to show the do's and 

don'ts of extinguisher use; 

622 - 1. A sample shooting script might bcarfbllows: 

a. SHOT 1: Medium Shot 

An airman is shown asleep in his bed with a lighted 
cigarette dangling from his hand. 
WHY: Establishes the basic problem. 

b. SHOT 2: Long Shot 

Photograph of a fire engine and ambulance heading 
toward a barracks. 



156 



9 

ERLC 



623 . 1. 
623 - 2. 
623 - 3. 

623 - 4. 

623 • 5. 

624 - 1, 

624 • 2, 

624 - 3'. 
624 - 4. 



M 



625 



626 • I. 
626 - 2. 



626 - 3. 



626 • |4. 



626 • |S 



8 i 
626 - 6. 



627 -1. 

627 -|2. 

627 - 3. 



WHY: Shows the effect of the hazard, 
c SHOT 3: Medium Shot 

A covered body ii carried on a litter into a waiting 
ambulance, 

WHY: Shows the tragic consequences of the hazard. 

Most industrial photographs are used to show objects, 

processes or the work of individuals. 

You must understand a particular industrial process to 

be able to photograph it effectively. 

The total work environment/ must be shown in an 

effective manner. Of particular importance is that all 

safety procedures are being followed. This is necessary 

to ensure that the shop is shown in good order. 

Close-up shots of machines make them appear more 

impressive * 

Silouette lighting emphasizes the shape and form of the 

subject 

To be an effective sports photographer you must 
understand the rules of the sport you are covering. 
Only through this understanding will you know what 
should be shot to give the telling moments. 
A 35mm reflex camera gives the speed, flexibility in 
choice of lenses and accessories, and film quantity that 
is necessary in fast action situations. 
By knowing the field you will have an idea what 
camera positions will be available and effective. 
First you need to realize that a strobe will be one* 
fourth as effective when used outdoors or in a big arena 
because of the absence of reflective surfaces. Secondly, 
you need to consider that the strobe should not be used 
if its flash would adversely affect the performance of 
any of the participants. 



/ 



a. uncontrolled 

b. flash 

c. film 

d. overall 

e. portraits of personnel involved. 
1:1 image size 

An extension tube is a rigid tube which fits between the 
camera body and the lens. The tube therefore changes 
the effective focal length of the lens to a given degree. 
A tjeilows, however, is flexible and may be racked in 
and out until the image size is the one that is desired. A 
bellows is therefore more flexible than an extension 
tube. 

Depth of field is limited because the lens-to-subject 
distance is so close. In addition, a wide open aperture 
setting is often required for exposure reasons. This, 
too, limits the amount of depth of field. 
A tripod is essential to ensure a very steady camera. 
Any camera movement would be greatly enhanced in 
close-up work due to the magnifications involved. 
81 times the given reading (EF = (M+l)*) 

EF s (8+1)* 

EF = 9* 

EF = 81 

A ring light is effective because it gives very even flat 
lighting. 

Crash or accident photographs help investigators in 

solving the cause of the incident, 

Color may indicate a cause not shown in black and 

white. For example, colors may indicate the degree of 

heat that was generated during the incident. 

A photographer must not weaken in the face of the 

tragedy of an accident or crash. He must concentrate 

on getting the pictures regardless of the hardships that 



627 - 4. 

627 - 5. 
,627 - 6, t 



627 . 7. 

628 - 1. 

628 - 2. 
628 • 3. 
628 - 4. 

628 • 5. 

628 . 6. 

629 - I. 

629 - 2. 
629 - 3. 
629 • 4. 

629 - 5. 

629 - 6. 
629 - 7. 



630 - 1 
630 - 2. 

630 • 3, 



631 • 1. 



631 - 2. 
631 -3. 

631 -4. 

631 -5. 
631 -6. 



surround him. To do otherwise would make him a 

problem for the rescue forces. 

Crash information can only be released to the official 

authorities who have a need to know. 

Flash may create a fire hazard. 

1. general views of the areas involved; 2. close-up 

photographs of important details; 3. photographs of 

specific parts; 4. marks left on the ground; 5. views that 

show damage to other property. 

Vehicle number, make, model, and year of the vehicle; 

tag number and states 

By bringing the defective part to the lab, you will have 
a greater choice of equipment, background material, 
and lighting. 

Normally you want to use the finest grain film that you 

can to insure maximum detail 

A copy camera is ideal for photographing a circuit 

board. 

Chalk is useful in making cracks stand out on a black 
surface. \ 
Even lighting is used to insure maximum detail. 
TO 00-35D-54 is the main TO to consult in regard to 
UMR work. 

Haze causes an overall bluish cast in color photographs 
and lowers the contrast in both black-and-white and 
color work. 

Crosslighting provides modeling and also cuts down 
the effect of haze. * 
Infrared black-and-white film has excellent haze 
cutting qualities. 

A high shutter speed and not supporting the camera 
with any part of the plane will help reduce the effects of 
motion. 

Good weather conditions fos aerial photography are 
generally considered to be clear with 10 to 15 miles- 
per-hour winds and visibility of 15 miles or more. 
A high wing,, fairly slow plane is fine for aerial 
photography. 

A low oblique includes no horizon or sky. Both 
horizon and sky are included in a high oblique 

f/8 

Depth of field isn't a problem because all shots are 
made at infinity. 

The pilot should bank aircraft and. slip it toward the 
target. 



CHAPTER 4 



Machine speed is one factor, along with tank 
accumulation, Which determines how long the 
developer will acr upon the material being processed. 
Jfl>(act, feet perpntnute in machine processing is used in 
the samcTTiibuver as development time is used in hand 
processing. 

Machine processing temperatures are usually higher 
because of the higher operating speeds. 
Agitation is essential to insure a continual fresh supply 
of chemical solution to the emulsion. Improper 
agitation results in uneven development or fixation. 
Developer recirculation could be used to maintain 
proper temperature, to filter the solution, or as an aid 
to agitation. 

» Replenishment is necessary to maintain fresh 
chemistry. 4 
Too little drying will cause the film to be tacky. 
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632 - I. 



633 - 1. 
633 - 2. 



633 - 3. 



633 • 4. 



633 - 5. 

633 - 6. 

633 - 7. 

634 - 1. 
"634 - 2. 

634 - 3. 



8; 7 

7; 2; 3; 2 
Developer 
9»/t; II by 14 

burnt 

25 mw + 
Auto 1 
Manual 
first 

flowmeters 

5 

Rinp; watches 



Keeping the processor clean. * 
The crossover assemblies and the transport racks above 
the solution line should be washed daily. The feed 
rollers of the entrance roller assembly should also be 
wiped off. 

Hot water should not be used because it could damage 

the polyethylene covered rollers. • 

You should know when periodic maintenance is to be 

performed because the machine will have to be shut 

down, thereby possibly interfering with mission 

accomplishment. 

System cleaner is used to clean out the developer tanks 
after they have been drained. 
You should wear goggles. 

You should use warm water to clean out the fixer tank. 

Cleanliness is the most important aspect of operator 
maintenance. 

By making a thorough inspection you will prevent 
mission failures. 
Id 
- 2a 
3b 
4c 
5e 
6c 
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* CHAPTER 5 

635 - 1. a. light 

. b. white; ultraviolet; infrared . 

c. 400; 700 

d. adaptability 

e. magenta 

f. absorption; reflection 

g. metals 

h. light wave interference 

i. dispersion 
j. Fluorescent 
k. saturation 
I. primary 

636*- I. a. three 

b. yellow fc , 

c. magenta, yellow; cyan 
o\ blue 

637 - 1. a. one; two 

b. blue 

c. green; blue 

d. no 

e. magenta; yellow 

638 - 1.* a. three 

b. green 

c yellow; top; middle 

d. panchromatic; red 



639 - 1. 

639 1 2. 
639 ■ 3. 

639 - 4. 



640- I. 

640 -2. 
640-3. 

640- 4. 

641- 1. 



642- 1. 



e. top; middle 

f . red . - 

g. blue 

h- red* f 
i. red 
j. 3400 

The relative humidity should be maintained between 
40 and 50 percent 

The temperature should be between 0*F and -10*F. , 
Improper storage will result in loss of film speed and 7 
color balance. v ' 

No. Film stored near chemicals is likely to>e damaged 
by chemical vapors. ^ • 

The exposure latitude of reversal film is 1 H under to 
1 H over. , . r 

The contrast ratio should be maintained at 3:1 . 
One way to reduce a scene's contrast is to use 
supplementary lighting. 

Underexposure will result in heavy dye densities. 1 

a. True 

b. False 

c False * 

d. False 

e. True 

f. False 

g. True 

a. 80A 

b. 85 

c. 82A 
d: 81 A 

e. 81A 

f. FL9 

g. CC30R " « 

h. 81 A 

i. 80C 
j. 82A 

643 - \. Clean, sediment-free water should be used in mixing 
chemicals. 

643 - 2. The water should be set at the recommended 

temperature for mixing which may be warmer than the 

temperature used in processing. 
643 * 3. Normally the chemicals should be mixed in the order 

in which they are used. 
643 - 4. Proper chemical storage will prevent oxidation. 
643 - 5. The best insurance against dermatitis is a program of 

contact prevention. 
643 - 6. Hazardous liquids should be stored on or near the 

floor. 

643 - 7. When your hands get soaked in bleach you should , 

immediately wash your hands. ^ 

644 - 1 . A negative silver image is formed in the first developer 

of the reversal process. 
644 -2. Color is achieved through the formation of dyes when 

theYilm is processed in a color developer. 
644 - 3. Thefollowingdyesareformed:yellowdyeisformcdin 

the blue sensitive layer, magenta is formed in the green 

sensitive layer, and cyan in the red sensitive layer. 
644 - 4. a. Negative stiver image, 

b. Positive silver image. 

a Positive dye image. 
644 - 5. No. The amount of dye produced isj directly * 

proportional .to the number of halides reduced in the 

color developer. It is therefore the number of halides 

exposed by reexposure and not camera exposure that 

determines the dye production. 
644 - 6. Yellow and magenta dyes will be formed during 

processing. 
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644 . 7. Ydlow dye will be formed. Wiib color neptrve film* 
dye prodactioo is directly related with camera 
exposure since there is a anile, color developer, The 
blue subject will expose the top layer which in turn 
, produces ydlow dye. 

644 - 8. In the middle layer a ydlow coupler Is used and a 

reddish magenta one is produced in the bottom layer. 
The colored couplers form a printing mask so that 
there ts consistent light transmission across tbe enure 
film and at all layers. 

645 • I. a. first Developer— The first devdoper is a black- 

and-white devdoper which reduces tbe halides 
exposed during camera operation into black 
metallic silver, forming a negative silver image, 
b. Reexposure Reexposure ts done by exposing the 
film to light o/ by fogging the unexposed halides by 
chemical means, This reexposure leaves a positive 
latent image and provides the necessary halides for 
. dye production, 
c Color Devdopment-^Tbe color devdoper reduces 
tbe halides exposed during reexposure forming a 
positive salver image and a positive dye image. 

d. Bleach— Tbe bleach step converts all the silver, 
induing tbe ydlow colkxJial silver layer, into 
^lubleNqmpounds that can be' fixed away. 

e. Fixing Bait— The Jtxing bath makes tbe image 
perma nent by removing any unexposed silver and 
the silver that has been prepared by the bleach. 

646 • I . a. Color Devdoper— Converts the exposed silver into 

a negative silver image and a negative dye image 
b. Blea<±— Converts the exposed silver halides and 

the colloctial silver layer into a soluble compound, 
c Fix removes the unexposed silver and that whipb 

was prepared by the bleach. 

647 - 1. Most color enlargers have a color filter bead which 

would not be found in a black-and-white en larger. The 

color filter head ts necessary to form the filter packs 

that are essential in color printing. 
647 -2. Tbe Chromega is a diffusion type en larger. 
647 - 3. The Chromega D-4 can handle negatives vp to 4 x 5. 
647 -4, You would use the 105mm lens to print 120 film. 
647 - 5. Tbe bdlows is raised or lowered by tbe action of the 

focusing median ism . 
647 -6. The purpose of a voltage stabiluer is to keep the 

voltage going into tbe en larger at a constant leveL Tbe 

voltage must be constant to ensure consistent color 

temperature. 

647 • 7. The top layer of color paper records red light and 
forms cyan dye. Tbe middle layer records green light 
and forms magenta dye The bottom layer records blue 
and produces ydlow dye. 

647 - 8. It would be recorded in the top and middle layers. 

647 - 9 Tbe paper should be allowed to warm up to 70*F. 

648 - I. When employing the additive system three separate 

exposures using each of the primary filters are made. 
The white light method uses a single exposure through a 
subtract! vc (magenta and ydlow) filter pack. 
648 - 2 Tbe normal.starnng pack is 50M and 70Y 
648 - 3. AXP2B filter !| always employed in color printing. 

648 -4. a. Subtract 05Y. v 

b. Add 20 M + 20Y. 

c. Add 10Y. 

d. Subtract 05M + 05Y. 

e. Subtract 20M. 

649 - 1 . a. Devdoper— Converts the exposed silver into a 

positive silver and positive dye image, 
b Bleach-Fix— Converts all silver into a soluble 
compound which is then dissolved. 



c Stabilizer— Acts as a wetting agent and stabilizes 
tbe dyes to prevent fading. 
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650- 1. 



651 * 1. 



652 - 1. 



653 - 1- 



654 * 2. 



654 • 3. 



655 - 1. 



656 • 1 



a. Panchromatic emulsion. 

b. Wratten 10. 
c light; darje. 
.d. development 
e. Sdectol-Soft 

jl gdaiiru optically perfect 

b. blue. 

c Color printing. 

d. 30M-..3OC 

e. green. 

a. Etching 

b. large 

c reducer 

d steam 

e set 

f small 

g. pinholes 

h- orange 

' i. 230*F 

m a. tape; glass 

b. Newton Rings 

c wax 

d. slide mounter 



CHAPTER 6 

A floor should be mopped three times. Once with hot, 
* soapy water, again with dean, dear water, and men a 
third uroe with a dry mop. 

Rollers should be cleaned to prevent chemical buildup 
which can scratch or, in extreme cases, tear film. 
If spilled chemicals are left to dry on the floor, they 
will assume a powdery form that can become stirred 
up 

a. air. moisture, heat 

b. cyanidegas 
c oxidize 

d. ground 
e Chemical 



a. Overexposure 
b Overexposure. 

c toy negatives can be caused by. sun shining- into 
the lens; a dirty lens; overexposure, or fogging, 

d. Reticulation. 

e. Hypo in the devdoper or a brief exposure to light 
during development. 

f Air bubbles on the film during fixing, 

g. Chemical or light fog. 

h. Lack of agitation in an acid stop bath. 0 

657 . 1. In terms of mathematics, pH is the logarithm of toe 

reciprocal of the hydrogen ion concentration in a ■ 
soluuon. In terms of the pH scale, it is a measurement 
of tbe acidity, alkalinity or neutrality of a solution. 
0-6.9 represents the aad levd, 7 is neutrality, and 7.1 
to 14 represe nts alkalinity. 

658 - 1. pH is an indicator of the potemial actrvny of the 

solution. A low pH would show a low performance 
potential resulting in inadequate development. Too 
high of a pH would indicate overactivity which could 
' cause damage to tbe material or excessive contrast. 
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65S 



-3. 



659 - 1. 



65* • 2. 
659 • 3. 

659- 4. 

660- 1. 



Suiting «t i pH vttoc of about M ^"*5 
upward, the hardening *ok« «a^H*^nt 
j£cte its peak it about 5.0 and then decreases 

&| f»te » w«a*ed with a slight me in pH. 

Utmu* paper is used to identify whether a ^ Won is 
an Add ora baac Bine litmus change* to red when in 
an add solution and red litmus turns blue tn an 
alkaline solution. 

The two transition-points are 5 and 

Red. 

Green. 



661 - I 



661 - 2 
661 -3 



661 -4. 



66! 
661 



662 - I. 



a. reference 

b. KCL (potassium chloride) 
c glass 
d. Buffer 
c 9 
f aad 
I standby 
h. buffer 
l distilled 
j expanded 
k. dectrodes 

Seeafic gravity is defined as the ratio of the mass. of a 
jpven volume of a substance to an equal volume of 
distilled water ai the same temperature. 
Specific gravity is an indicator to see if the chemistry 
has been properly mixed. 

A specifo cavity reading which to too high would 
indicate too much of the ingredients, foreign 
ingredients, or not enough water. 
A hydrometer is calibrated to read 1.00 in pure, 
disulled water at 60*F. 
0.006 must be added to the reading. 
You read the value at the top of meniscus. 

Certifying a developer involves three ^me^ng 
specific Mviry. pH. and senatometry. Specific gravity 
mdu^ whether the solution is properly mixed. pH 
indicates theVtrength or activity. Ser^tornetry will give 
visual evidence (test strip) of the developers 
performance. 

a. intensity 
h dectrontc flash 
c meter candle seconds 
d. attenuators 
c repeatability 

a. Phoiodectnc visual comparison 

b. four 
c Gold 

d. red, green, blue 

e. calibration 
f replicate 

665 - 1 A logarithm to a number used to represent another 
number. 

665 - 2. There are two parts to a logarithm: the characteristic 

and the mantissa. 
665 - 3. The mantissa is always positive. 
6dS-*i Common logarithms are based on 1 U. 
jET^T A negative charactmstic is indicated by a (bar) over 
/ the number. 

665 - 6. The characteristic to determined by inspection. 

665 -7. a. 2 

b. 0 

c 4. 

d. T 



e. 1 

665 -8. a. 4771 
7404 
c 7782 
. d. 8451 
e. 6474 
665.-9, a.T0000 
b. .1.2900 
c 5.S209 

d. £6990 

e. 0.9Q31 
*65 - 10. a. I5> 

b. .00107 
c 76.3 

d. .552 

e. 7.95 



663 - I. 



664 - I. 



666- 1 The vertical axis charts changes in density, whereas the 

horizontal axis charts changes in exposure. 
666 - 2. You first take me log of intensity and add it wjhe log 

of time which gives you the log of exposure at the plane 

of the senatomcter. From this total you subtract the log 

of the denary of thestepjou are calculating The result 

is the log of exposure of the step, 
666-3 Each axis is marked off in increments of 0.20. 
IS. 4 Th? vertical axis represents the denary of the test strip 

you are plotting and the horizontal axis represents the 

density of original (standard). 
666-5. The toe section is defined as a region of unequal me 

because the denary does not increase equally for an 

equal increase in exposure. . 
666 - 6 The threshold marks the beginning of the toe section. U 

represents the least amount of light that is required to 

produce a denary which is perceptible. 
666-7. The straight line portion represents the area of 

proportional brightness representation or correct 

exposure. 

6^6-8 The highlights are recorded in the shoulder part 
666 . 9 The latitude of an emulsion is the exposure range over 
which a proportional relationship between denary 
differences and exposure differences i* o^ed In 
other words, it is the range of exposures represented try 
the straight line portion of the characteristic curve. 
Useful exposure covers all of the straight line pomdn 
and cam of the toe and shoulder. 
Gamma is a senatometnc quantity standing for the 
*lope, or gradient, of the straight-line portion of the 
chiacteristic curve of photographic emulaon* 
Extend the straight line to the horizontal axis and then 
move to the right a distance of 1.00. 
vertical line to intersect the straight line portion of the 
curve. Then read the value off the vertical axu that 

corresponds to that point 

Gamma is primarily an indicaaon of antraa and 
therefore is the result of the degree of development 
Extreme overdevdopment will cause an increase in the 
fog level. 



666 - 10. 
666 - 11. 

666- 12. 

666 - 13. 
666- 14. 

667 - 1. 

667 - 2. 

667 - 3. 
667 -4. 
667 - 5. 



The four factors are chemical reaction of the 
developing solution with the silver halides of the 
emulsion; action of the air upon the solution; toss of 
solution through carryover to the following tank; and 
dilution of the developer. , 
The most agnificant byproducts are bromides- and 
iodides. They both have a restraining effect on 
development ... 
Senatometnc testing, because such testing shows you 
the results that are being produced by your developer. 
The normal parts are reducing agents, sodium sulfite, 
an alkali, and water. 

Rate of replenishment is normally related to the 
amount of film (material) being processed. 
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647.6. 



667.7. 



66*. t. 



661-r 



66$ .3. 



661.4. 



661-5. 



661-6. 



66*. 7. 



of the solution you will better 
i that yo# wiB not overflow the tank. You can 
tkm pom back a aufficieni amount of the old solution 
to too the oak. 

End point of replenishment is reached when the 
sotaoon is so contaminated with impuritici that it may 
: irrnfr o^acrwataoc. 



Thetwo fsaKOonsare to minimize or scop the action of 
thecVevcaopcr and to prolong the life of the fixing hath. 
Aa the atop bath is used, the add of the bath is 
awcraload by the carryover of alkaline developer into 
the atop bach sokutiost The reaction byproducts art 
iaajgjiifirant, but the drop in acidity tends to make the 
«op bath inef f ec ti ve. 

Deterioration of a chrome- alum stop bath is 
accompanied by a color change from purple to a 
yeUowiah green. <* 

It ahouM be maintained at a pH of between 4.0 and 

5.0. 

You can replenish the Mop bath by adding appropria te 
amounts of a strong solution of acetic acid. 
The end point of repkntahment occurs when there a a 
«2f5oent accumulation of foreign matter in the bath to 
poaaibty damage the photographic image. 
Continuous repkniahenent is used in conjunction with 
continuous processing machines. 



669 * 1 . Carryover of previous solutions into the fixing bath 
and carryover of the fixing bath changes the fixing bath 
activity. The carryover of previous solutions dilutes the 
chemical components of the fixing bath and carryover 
into the wash depletes the chemical components of the 
bath. 

669 - 2. The four chemical reactions are complex silver 
compounds called argentothiosulfates are formedr 
neutral saits~are formed; "jodicVis liberated; and there 
is loss of sulfite. It 

669 * 3. The four stages are drop in acicaty; loss of hardening 
properties; clearing time increases; and finally, 
complex thiosulfates are formed which are insoluble 
•* and cause image deterioration. ' 

669 * 4. Effective replenishment should be connected with a 
silver recovery program, 

669 * 5. The replenishment process is ultimately limited by the 
accumulation of iodide in the bath. , 

670. 1. a. Variability 

b. statistical control 

c average 

d. X 



V3r 



e. high; low 

f. * 

g. inc 

h. process average 
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.EXTENSION COURSE INSTITUTE 

VOLUME REVIEW EXERCISE 
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Carefully read the following: 
DO'S: 

1 Check the "course/* "volume/ 1 and "form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
nghthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 

2, Note that numerical sequence on answer sheet alternates across from column 
/ to column. 

3. Use a medium sharp #1 or *2 biack lead pencil for marking answer sheet. 

4 Circle the correct answer in this test booklet. After you are sure of your ^ 
answers, transfer them to the answer sheet. If you ha\ e to change an answer 
on the answer sheet, be sure that the erasure is compete. Use a clean eraser. 
But try to avoid any erasure on the answer sheet if aua* possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer' or OJT supervisor. , . 

If voluntarily enrolled student, send questions or comments to ECI on ECI 
Form 17. 

DONTS: I 

1. Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors/ 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than a #1 or *2 biack lead pencil 

VOTE NUMBERED LEARNING OBJECTIVE* REFERENCES ARE USED 
ON THE VOLUME. REVIEW EXERCISE. In parenthesis after each 
item number on the VRE is the Learning Objective Number where the 
answer to that item can be located. When answering the items on the 
VREs refer to the Learning Objectives indicated by these Numbers. The 
VRE* results will be sent to you on a postcard which will list the actual 
VRE items you missed. Go to the VRE booklet and locate the Learning 
Objective Numbers for the items missed Go to the text and carefully 
review the areas covered by these references. Review the enure VRE again 
before you take the closed-book Course Examination.. 



Multiple Choice 

(600) To be effective*, every photograph should have a definite 

a. tonal scale- c - de ? th of f ield - 

b. point of interest- c- color balance. 

(6C0) The leading line on a photograph guides the viewer to the 
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a. /point of interest. c - 

b. horizon line. ' edge of the composition. 

2. (6:0) Which technique is used tc ^ake a Moving subject appear sharp but the 
rack ground slurry? 

a. Stop action. = - ~ f - c - s - 

2. Perspective control i- ranr.ir.g. 

t600> The depicting of a three-dimensional subject -on a two-dimensional 
surface is defined as 

a. rerscective. c - foreshortening - 

2. illusionist:. = • counterpoint: 

5. (600) What three compositional devices are used to create a feeling of depth in 
a photograph? 

a. line, fig-ire, and texture. * c- Texture, haze, and line. 

b. figure, texture, and haze. d. Haze, line, and figure. 

t * 
5. (501) In ohotography work, the convergence of parallel lines are accepted in 
the 

a. horizontal. , c -A vertical. 

b. diagonal. ' , 4g*s?ectrai. 

7. (602) By shooting down on your subject, you^ill make the subject appear 

a. larger. ■ c - smaller. 

o. acre imcosing. significant. 

5. (503) To be an effective communicator of photography, the photographer must best 
understand the 

a. receiver. visual symbols, 

v. props. d - Sngiish language. 

9. (60u) At what angle are lights positioned for copying glossy subjects? 

a 2=° ' ' c. "5°. , 

b ; u \o\ ^ d. 95°. 

10. (5C5) If you are copying a black-and-white print witn a olue stain, what type 
filter would be used? Y 

a. Green. * "^Uow. 

' b. Red. 4- biue - 

11. (505) If you are copying a black-and-white print that has faded yellcwish-browr 
you should use which filter? 

a. Blue. c - Gre « n - 

. b. Red. Yellow. 
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,('Sv6) *fhen copying color photographs in black-and-wjiite, you should use what 
type of film? 

a. Jitraviciet . * c. 3iue-sensitive . 
br Panchromatic. d. Orthochromatic . 

t607) When asing a 10-inch lens , wnat bellows extension is needed to make a 
25 percent reduction? ' 9 

a. 18 inches. c. 16 inches. 

b. 12 1/2 inches. d. 10 inches. 

1 5C 7 > What ^ould tne cellcws extension factor be if /our cellow? extension v 
13 ir.cr.es ar.c the focal length of your lens was 5 incr.es? 

=. 1. * c. 3. 



(603) VThen copying color slides, tne duplicate is likely to nave Tore 
a. detail. c. contrast trar. tr.e original. 

(609) When using tne , the image will appear 
♦ 

a. reversed. c. curvilinear . 

b« inverted. d. distorted. 

{ 61C ) 3ioiogicai-genetic factors which contribute to individual c~aracterist 
include 

a. sex, race, and customs. c. customs, intelligence, and sex. 

b. race, customs, and intelligence. d. intelligence, sex, and race* 

(611) The 5Ws of journalism include 

a. who, wonder, and what. c. what, where, and who. 

b. wonder, what, and where. d. where, who, and wonder. 

1612) Photography would be found under what Dewey decimal classification? 

a. 2ZZ — Social Sciences. c. "00 — Tine Arts. 
z . 500 — Pure Science. d. 900 — History. 

(612) The following are ail types of card catalogs except . 

a* author cards* c. subject cards. 

b. title cards. d. category cards. 

(613) An architectural assignment normally calls for wnat kind of camera? 

* 

a. View. c. 35mm reflex. * ' 

b. Press, d. Twin-lens reflex. 

(61*0 Preventive maintenance includes all of the following except 

a. lubrication. cleaning. 

b. disassembly. d. making adjustments. 



♦ 

23. (616) When using broad lighting, the main light fully illuminates 

a. from underneath the face. 

b. the front of the face from a high angle, 

c. the side of the faae turned toward the camera. 

a. the side of the face turned away from the camera. 

2u. (616) When making a portrait, the light closest to the camera normally acts 
as what kind of a light? 

a. Hair. c. Back, 

a. /Main. d. Fill. 

25. (c!5) Which one of the following lighting ratios is routinely used to turn out 
high quality portraits? 

a. 3:1. c . 1 : 1 . 

b. 6:1. • d. 5:1. 

25. (617) Wha.t type of lighting should be used when photographing a broad-faced 
subject? 

a. Short. c. 3roaa. 

b. Glamour. d. Cross. 

27. (618) A misfire, when using "Ascor" series 360-1 lighting, results in 

a. an audible warning. c. a repeating flash. 

b. a blown fuse. d. flashing red lights. 

4 

23. (619) All of the following applies to the production of passport pictures 
except that 

a. color film is used* , 

b. 35nm reflex cameras are used. 

c. photographs are made ia> duplicate. 

d. prints must withstand a high temperature. 

29. (520) All of the following techniques are used in identifying participants in 
a caption except . f 

a. contrast, c. elimination. 

b. action. d. right to left. 

20. (621) Which type of continuity requires a definite sequence? 

a. Narrative chronology. c. Contrast continuity, 

b. Repeated identity. d. Parallel continuity. 

31* (622) The first part of a shooting script is concerned primarily with 

a. sequence of shots. c. shooting angle. 

b. eeneral ideas. d. shooting position. 

32. (623) To be an effective industrial photographer, it is most important that you 

a. understand abstract photography^-, 

b. know how to editorialize the subjec^- 

c. know how to operate an industrial camera. 

d. understand the industrial process you are photographing. * 
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33/ (62*0 What type of camera attachment is used to shofct photo sequences? 

a. Rangefinder focusing. c. Telephoto lens. 

b. Motor drive. , ' d. Sequence iens. 

3U. (525) All of the following applies to combat photography except the need to 
carry , \ 

a. lightweight fiasn equipment. c. a good supply of film. 

b. military gear. d. simple tools for camera repair. 

35. (626) Which of* the following attachments permits the most versatility in 
establishing a given image size? 

a. Extension tubes. c. Macro lens. 

b. Close -up attachments. d> Bellows. 

36. (626^ Tzr a 3 times magnification of tr.e subject, your exposure would have to 
ze increased oy what factor? 

a. 25X. c. 20X. 

b. 3SX. ' d„ 5X. 

3". ( - T 7 ^ The main purpose of accident photography is to 

a. help investigative personnel. 

z. furnisn support data in civil suits. 

' c. provide photographs / for safety campaigns. , 

d. provide material for the Airman magazine. 

38. (623) Which camera is the most suitable for unsatisfactory material report 
photography? 

a. View. c. 35mm Reflex. 

b. Press. d. 35mm Rangefinder. 

32. (628L Which technical order should you consult concerning unsatisfactory material 
report work? 

a. 03-1586-5. c. 00-09C-95! 

b. 00-350-5*+. d. 00-1035-28. 

-0. (629) The type of black-and-white film that has the best haze cutting qualities 
is 

a. panchromatic. c. infrared. 

b. Sktachrome. <i. blue-sensitive. 

(529) Which type of oblique aerial photograph does not include sky or horizon? 

a. Low. c. High. 

b. Three-quarter. d. Perspective. 

**2. (530) When doing aerial photography , you need not be concerned with 

a. exposure. c. type of camera. 

b. depth' of field. . <i. choice of film. 

**3. (631) In machine processing, feet per minute can be compared with what factor 
in ftand processing? 

a. Agitation. ' c. Time. 

b. Temoerature. d. Solution activity. 
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(631) To maintain proper solution strength, what system is used with continuous 
processing equipment? 

a. , Recirculation. c. Replenishment, 

o. Tank turbulation. d. Gaseous burst. 

•o. (632) The maximum speed of the Versarnat iiC-MW is how many feet per minute? 

a. 10. c. '20. 

b- 15. d. iS. 

-<:. ( 6^2 ) The replenishment rates on a Versarnat I1C-MW are set by 

3. /TSp-ienisner switches. c. flow meters. 

^re c ire iia ticn pumps, d. fixer-developer switches. 

^icper System Cleinor nust bi -.ar.dlea carefuiiy because it 




sulfuric acid* c. sulfamic acid, 

boric acid. d. cyanide. 

(c3w) >/hat- is tne mos: important aspect of operator -naintenar.ee cn pnotograpnic 
equipment? 

a. Disassembly. * c. Redesign. 

b. Lubrication, d. Cleanliness. 

(6?:) The optical spectrum inclace^^ll of tne following except 

a. ultraviolet. c. X-rays. 

infrared. white light. 

50. \(635) Selective reflection is a characteristic most often displayed by certain 




a. plastics. c. papers. 

b. /woods. „ d. metals. 

51. (635) The ability of a material to absorb radiation of one wavelengtn and 
re -radiate it at another is called i 

a. dispersion; c. refraction. 

b. fluorescence. d. electromagnetism. 

52. (635) The major deficiency of Maxwell's system of color production was the 

a. use of additive filters. c. use of subtractive filtration. 

b. need for dye transfer. d. lack of permanence. 

53. (636) The subtractive primary colors are 

a. magenta, cyan, and yellow. c. red, green, and blue. 

b. blue, yellow, and cyan. d. rea, magenta, and blue. 

5a. (536) If ecual parts of green, blue, and red light are projected from three 
light sources and then superimposed, what type of light will be produced? 

a. alack. c - White. 

b. Magenta. Slue. 



# 

53. (537) A. combination of cyan and magenta filters over a single light source 
would pass what color, of light? 

. j c. 31ue. 

!' ~™ Yellow. 

:6. '*3S) The middle layer of color film is designed to recora what color of light? 

/ ♦ 

j c . Blue ► 

I' ?L d. Yellow, 

b . Green *■ 

(£33) 2ero r<.elvin is based on 

3 -273' :. c - 1C0 ° A 

3 -V- . d. 212° .<. 

T-ngster. color film is particularly sensitive to what olcr if lignt? 

* a ,. „ / d. White, 

b. 3xue. 

55. v533) To <.ee? color film for longer than six montn^it should be stored at a 
t^T.rer3.Tur2 dbout , 

a 

b. 50° F. a. u r. 
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5C. (5*1) Type 3 Vericolor II film is balanced for what type of lignting? 

a, Clear flash. =• ?hotofloods. 

b. Tungsten. d - Daylight. 

51. (6*2) To use tungsten color film under daylight conditions, you need which 
filter? 

ae " C. 853. 

Ha. 

62. (6.3) Ail of the following should be observed when mixing color cr.emistry except 

a. following manufacturer's directions. 

*- m'"xing in stainless steel mixing tanfcs. 

c' 'using water with not more than 5 percent iron content. 

d. mixing the chemicals in the order in which they are used.- 

63. (6W) Color dyes are released in which step of color processing? 

c. Color developer. 

a - J?*"** ^ rh d. Stabilizer. 

b. Clearing bath. 

6 4. (64U) What type of coupler is used in the bottom layer of color negative film? 

c. Reddish magenta, 
b. Yellow. d - • 

55. (6*5) The first developer in reversal color processing produces what type of 
image? 

c. Dye oositive. 

a. Color negative. , 3 Iack-and-white negative. 

b. Latent positive. a - 



tih. (bu5) Reversal exposure forms what kind of latent image? 



a. 'Positive. 
o . Color dve. 



c. negative. 

d. Collodial. 



(645) Which reversal processing step converts all the silver into a soluble 
compound? 



a. Stabilizer. 

b. Wash. 



c. Fixing bath, 
d* 31each. 



68. (547 ) What type of an enlarger is the Chrome ga D-u projection printer? 



a. Diffusion. 

b. Point source. 



> 



c. Condenser. 

d. Fluorescent. 



• ? u 7) The three filter wheels or. tne Chrome^a + handle what colors? 



72. 



a. Red, green, blue. 

b. Red, yellow, green,. * 



c. White, yellow, blue. 

d. Cyan, magenta, yellow. 



(5^7) What color dye is fomed in the middle layer of color paper? 



a. Cyan. 

b. Yellow. 



c. Magenta. 

d. Orange. 



71. (5^8) What type of exposure is used in the majority of Air Force color printing? 



a. 'White light. 

b. Tricolor. 



c. Additive. 

d . Halogen . 



(649) When tray processing color prints with Ektaprint 3 chemistry, gloves 
should be worn because the chemicals* are ^ 



a. hot. 

b. toxic. 



c. smelly. 

d . cold . 



73. (549) What type of Wratten safelight can be used when you color print? 



a. OC. 
D* OA. 



c. 10. 

d. CP. 



(550) All of the following developers can be used with Panalure paper except 



a. Dektol. 

b. CP-5. 



c. D-72. 

d. Selectol-Soft. 



75. (651) Most modem color printers use what type of -filter in their color head? 



a. CC. 

b. TLB, 



c. CP. 

d. FLD. 



(652) To correct an off-color yellow area on a color print with the dry dye 
technique, you would use what color dye? — — — 



a. Magenta. 

b. Purole. 



c. 
d. 



Red* 
Yellow. 



77. (652) To make dry dye permanent, ycu use 



a, reducer. 

b. fixative*. 



steam. 
Photo-Flo. 
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73. (652) To dry -mount color prints > the mounting temperature should not exceed 

a, 180° F. c. 230° F. 

I. 200° F. d. 250° F. 

79. { »; 5 2 ; The most durable slide mount is a cofabination of 

a. tape and glass. c. plastic and glass. 

b. metal and glass. d. cardboard and plastic. 

}0. ($53) To clean a glass mount, you should use 

a. 4 tri-sccium pnosphate. c. ' newtonian suds. 

r. commercial siass cleaner. d. detergents with wax. 

(-5- ' .-r ia : is the ?.ost important aspect of photographic quality control? 

d. Ser.Sitometry. c. Densitometry. 

b. Cleanliness. d,^ Chemical analysis. 

32. (655) Most c.iemicals are affected by ail of the following except 
- - 'i. ' c. air. 



noisture. 



d. heat. 



33. (655) If you leave chenicals in a partially filled jar, they are likely to 

become 

a. toxic. c. stronger, 

r. oxidized. * d. addictive. 

54. 1656) Muddy prints are most likely a result of 

a. overexposure. c. underexposure. 

b. overdevelopment. d. underdevelopment. 

95. (656) Grayish whites in a print are likely to.be caused by 

a. insufficient agitation in the stop bath. 
v b. underexposure and forced development. 

c. - light fog. 

d. ; reticulation. 

36. 1657) A pH of 6 indicates what kind of solution? 

a. Acid. * c - " Alkaline. 

b. Water. d. Base. 

37. (557) A pH of 7 indicates what kind of solution? 

a. Acid. . c - Alkaline. 

b. Neutral. d. Base. 

98. (653) The hardening action of a potassium alum fixing bath is best at what 
on factor? N 

t 

a. 3. c - 5 - 

b. 4. d. 6. 

39. (653) The normal pH range of a chrome alum fixing bath is 

a. 3 to 4. c. 5 to 6. 

b. 4 to 5. . 6 to 7. 

> \ _ * 



?Q. (6S9) Blue litmus paper turns red in what kind of solution? 

a. Base. c. Neutral. 

b. Acid. d. Refined. 

>i. (650) When using a pri meter, pH is measured with which electrode? 

a. Tnemal. c. Electrostatic. 

b. Reference. • d. Glass. 

if 

92. (660) Jhe reference electrode on a pH meter; contains which chemical? 

a. Sodium sulfate. c. Potassium chloride, 

s. Potassiun bromide. d. Diafine. * 

*2. Hi I) Specific gravity is :*crxallv mer.rurea .-'i what instru-er*:" k 

a. Siez'.zic gravity r.eter. c. ?o:,tr. :lor.erer . , 

d . Densitometer . d . Hydrometer*. 

9**. (661) When taking a specific gravity, how much nust be added to your reading 
for each 5°'F. increase over standard temperature? 

a. . 3C01. - c. . 

b. .001. * d. .x. * ' ' 

95. (662) A pH reading indicates wnether the^solution has the 

a. proper strength. • c. correct gamma. 

D. proper mixture. e d. adequate density. , 

36. (663) An "intensity scale sensitometer is preferred over a time scale 
sensitometer" 1 primarily because it N % 

* a. determines gamma. .' * , ' 

b. is easier to use. * { 

c. better handles slow- speed film. , » 

d. oetter duplicates a Camera exposure. * * 

(56u) When zeroing the TD-102 densitometer for black-and-white filn readings 
the gold filter trim should be - < ' 

a. placed in -the top position. c. in the bottom position. 

b. turned counterclockwise. d. clockwise. 

93. (665) Ccmmon\logarithms use the base number of 

a. "l. c.***100. 

b. 10. . d. 1,000. 

99. (665) What part of a logarithm is always positive? 

a. Given number. Mantissa. 
v b. Characteristic. d. Caret. 

LOO. (665 ), Whart is the logarithmic characteristic of 95.6? 

a. 0. . c. 2. * 

b- 1. • ' d. 3.>l\ ■ 
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101. (665) What is The logarithmic characteristic of O.OQOi*? 



C. 3. , 



v^ ; -> What part of tr* characteristic curve is the beginning of^the threshold? 



a. Soulder. c. Straight line. 

d. Inertia point." d. Toe. - • 

1!3. (556) Higp.light density would be found in what part of a characteristic curve? 

a. Toe. ' c. 3ase plus fog. J ' % 

Straignt line. * / a. Shou.ldpr. * 

» 2ama is four.c on wnat cirt of t:e cr.sract&ristic curve? 



i l:ralgnt line. c. Toe. 

o. 2-.oulder. • d. ^Inertia point. 

i*rn) Chemical changes in a developing solution are the result of 4 
.* i 

a. :xlcation. dilution, and gamma raclatior. . 

t. illation, ganma racist ion, anc cne^ical reaction. 

c. gamma raclation, cr.emioai reaction, and oxidation. 

2. chemical reaction, oxidation, and dilution. k * t 

t that io tr.e easiest method for detecting tne deterioration, of a 



:o~ier.t splutu 



i . densitometry controx strip test. c. ph measurement, 

o. Specific gravity Test. d. Solution analysis. 

(557) All of the following chemicals could be used in a developer replenisher 
formula except < 

i 

a. water, • c, sodium carbonate, 

j. sodium sulfite/ ■ ' ■ d. potassium bromide. , 

{zoB) .Vhen a cnrome aium stop batn deteriorates, it changes to what color? 

a. Purple. ' ' c. ^Pink. 

d. Yellowish green. 



(659) The first property of a fixing b\th to change significantly is the 



ixing 3*^h t 



a. clearing time. v c. hardening property. 

b. acidity. d. color. 

(659) The useful life of the fixing bath *is ultimately limited by tne 
accumulation of what chemical? 



a. 3romide. c. Acetic acid. 

'iodide. d. Sodium sulfite. J 

fc7C) Variance is a mathematical expression used to describe the measurement of 

* . . . * 

a. frequency distribution. g. variability. 

b. the normal curve. d. periodic sampling. 
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(6*0) ^hep variations rail w^rha 
we have a ^ 

/.urtotic process. * 
z, . constant cause system. 



n a' prescribed percentage of our predictions, 



c. conputer controlled process. 

d. svsten out of control. 



.13. i67C * A cnart 

a. *X. 

r. X. 



:nat is an average of averages is indicated by. what synboi? 



c. a . 

d. XX. 



<c?0) Whan plotting a -hart, how raar.y points ir. tr.e :r.e direction indicates 
* trenc signifyir.g tna: ctr.er tests sr.oulc ^e conductec? 
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